Official Transcript of Proceedings

NUCLEAR REGULATORY COMMISSION

Title:

Docket Number:

Location:

Date:

Work Order No.:

Advisory Committee on Reactor Safeguards
Materials and Metallurgy & Plant Operations
Joint Subcommittees Meeting

(not applicable)

Rockville, Maryland

Tuesday, June 1, 2004

NRC-1505 Pages 1-377

NEAL R. GROSS AND CO., INC.
Court Reporters and Transcribers
1323 Rhode Island Avenue, N.W.
Washington, D.C. 20005
(202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + 4+
ADVI SORY COWM TTEE ON REACTOR SAFEGUARDS
MATERI ALS AND METALLURGY AND PLANT OPERATI ONS
SUBCOW TTEE MEETI NG
VHP CRACKI NG AND RVP HEAD DEGRADATI ON
+ + + + +
TUESDAY, JUNE 1, 2004
+ + + + +
ROCKVI LLE, MARYLAND
+ + + + +
The neeting cane to order at 8:30 a.m, in Room
T2B3 of Two VWhite Flint North, F. P. Ford,
Subconmi ttee Chairman, presiding.

SUBCOW TTEE:

F. PETER FORD Subconmmi ttee Chairman
JOHN D. SI EBER Subconmi ttee Vice Chairman
MARI O V. BONACA Menber

THOVAS S. KRESS Menber

STEPHEN L. ROSEN Menber
VI CTOR H. RANSOM Menber
WLLIAM J. SHACK Menber
GRAHAM B. WALLI S Menber

M W WESTON Staf f Engi neer

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

ACRS STAFF PRESENT:

Bill Bateman

Gar esh Cheraventi
Jay Collins
Samant ha Cane
Bill Cullen

Bart Fu

Ri ch Guzman
Al'len Hiser
Meena Khanna
Bill Koo

Todd M ntz

Matt hew M tchel |
Wal | ace Norris
Eric Reichelt
Larry Rossbach
Cayet ano Sant os

David Ter ao

NRR/ DE/ EMCB
NRR/ DE/ EMCB
NRR/ DE/ EMCB
RES/ DET/ MEB
RES/ DET/ MEB
NRR/ DE/ EMCB
NRR/ DLPM PD1- 1
RES/ DET/ MEB
NRR/ DE/ EMCB
NRR/ DE/ EMCB
RES/ DET/ MEB
NRR/ DE/ EMCB
RES/ DET/ MEB
NRR/ DE/ EMCB
NRR/ DLPM PD3- 2
ACRS St aff NRR/ DE/ EMEB

NRR/ DE/ EMEB

NEAL R. GROSS

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701

(202) 234-4433




10

11

12

ALSO PRESENT:
Charl es Bri nkman
Dani el Hor ner

Al ex Marion
Larry Matthews
Pete Riccardella
JimRley

A en Wite

Gery W kowski

West i nghouse

MG aw Hil |

NEI

Sout hern Nucl ear Op. Co.
Structural Integrity

NEI

Domi ni on Engi neeri ng
Engi neering Mech Corp of

Col

NEAL R. GROSS

COURT REPORTERS AND TRANSCRIBERS

(202) 234-4433

1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

(202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

AGENDA | TEMS

| ntroductory Remarks, Dr. F. P. Ford

Overview of Safety Assessnents, M. Larry

Mat t hews
| ndustry RPV Head and VHP Assessnents
- Failure Mddes and Effects Anal ysis,
M. Gen Wite
- Fracture Mechani cs Anal ysi s,
Dr. Pete Riccardella
| ndustry Positions

- Resistance to PWSCC of Alloy 690

Repl acenent Heat Materials, M. Larry

Mat t hews
- Managenent of Materials Initiative,

M. Al ex Marion

NRR | nspection Activities, M. Bill Koo and

Ms. Meena Khanna

NRC Sponsored Research

- Crack Gowh Rate Wirk, North Anna 2

RPV Head Susceptibility Ranki ng/ New

Results, Boric Acid Corrosion, M.
Cul | en
- Leak Rate Wirk, Residual Stress

Cal cul ations, Dr. Gery W kowski

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701

PAGE

11

26

85

147

167

190

217

293

(202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

AGENDA | TEMS (conti nued)

- Probabilistic Fracture, Dr. Bill Shack

Gener al

(202) 234-4433

Di scussi on and Adj our nnent

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

PAGE
334

366

(202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

PROCEEDI NGS
(8:32 a.m)

CHAI RVAN FORD: The neeting will now cone
to order.

And the very first thing, 1'd like to
t hank everybody for being here, having given up sone
of your Menorial Day.

This neeting is of the ACRS Joint
Subcom ttees on Materials and Metal | urgy and on Pl ant
Operations. |'mPeter Ford, Chai rman of the Materials
and Metal lurgy Subcommittee and ny Co-Chair is Jack
Si eber, Chairman of the Pl ant Operati ons Subcommittee.

O her nenbers in attendance are Mrio
Bonaca, Thomas Kress, G aham Leach, Victor Ransom
Steve Rosen, and G aham Wl | ace.

Bill Shack wll be presenting and,
therefore, is not participating as a nenber

The purpose of this neeting is to discuss
a generic conmuni cati ons regardi ng material s cracking
and degradation issues.

Maggal ean W Weston i s the cogni zant ACRS
Staff Engineer for this neeting.

The rules for participation in today's
nmeet i ng have been announced as a part of the notice of

this neeting published in the Federal Regi ster on May
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the 19'", 2004,

Atranscript of the meeting is being kept
and wll be made avail able as stated in the Federal
Regi ster notice.

It is requested that speakers use one of
t he m crophones avail able, identify thenselves, and
speak with sufficient clarity and vol une t hat t hey may
be readily heard.

We have received no witten comments from
menbers of the public regarding today's neeting.

As arun-into this nmeeting, as you know,
for several years now, three years we've been having
fairly regular neetings on the whole question of
materi al s degradation problens with PAR primary site
penetrations.

The | ast major neeting was in the spring
of 2003 and you heard sonme very anbitious plans by
both the staff and by industry.

Prior tothis neeting, |I've issued alist
of topics that we'd |like to have covered at this
neeti ng shown on the slide right now This is very
much the schematic shown on the left-hand side of a
penetrati on. It happens to be the vessel head
penetrati on.

Showing in red and green are areas of
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cracking, axial and circunferential cracking. Andin
the Canbridge blue is what |'ve called boric acid
corrosion but general corrosion of the low alloy
steel .

There are roughly seven areas that we've
asked to be addressed in this neetings. First of al
i s the adequacy of the degradati on al gorithns for both
cracki ng and boric aci d corrosion, takinginto account
of the variables which would be of inportance, the
applicability of these degradation algorithns to
different PARprimary site penetrations, not only the
vessel head but al so the bottomhead penetrations in
the pressure in the reactor vessel and the
pressurizer, the inpact of those two on inspection
prioritization and periodicity.

And that relates to the FMEA part of the
MRP plan, the risk analysis or the safety analysis
part of the MRP plan, qualification and inspection
t echni ques which were of great concern to us at the
| ast neeting last year in the spring of 2003.

Anot her area we'd | i ke to have tackled is
the qualification of the repair or replacenent
options, and the | ast one is to hear what progress is
being made by the industry on their proactive

managenent appr oach.
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Before we start, since there will be a
presentation by Alex Marion on the MIAG efforts
relating to Item?7 there, | would have to declare a
conflict of interest. And, therefore, | won't
participate in points of opinion.

Jack, do you have any comments before we
start?

VI CE CHAI RMAN SIEBER:  No, | don't.

CHAI RVAN FORD: No? Bill, would like to
make any overall coments before we start?

MR. BATEMAN: Yes, just a couple of
opening remarks, if | may.

Just toreiterate basically what you sai d,
Dr. Ford, this is another neeting in a series of
neeti ngs we' ve had in the past to present information
to the ACRS as the state of our know edge has
increased. And | think today's presentations wll
i ndi cate that the state of our know edge continues to
i ncrease.

W basical |y had a neeting, we, the staff,
had a nmeeting with industry, | guess it was probably
about two or three weeks ago, whereat industry
presented the safety assessnent that they have
devel oped and upon which they wll base their

i nspection proposal for upper vessel heads.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

10

That saf ety assessnent was, | guess, about
1,100 or 1,200 pages in |length. So it has an
abundance of data, which | know the Material
Subcommttee is | ooking for. W haven't had a chance
to go through it all yet but -- and we're still
awaiting the proposal for industry but there's
certainly enough data there to --

CHAI RVAN FORD:  Excel | ent.

MR. BATEMAN: -- for anybody to spend sone

| guess the other thing I'd like to do at
this point is to thank i ndustry and the staff who are
goi ng to make presentations today. | can honestly say
t hat we have been working together to try to solve
t hese problens, come to grips and then come up with
proper inspection schenmes. And you'll hear about that
t oday.

And | presune that we will have neetings
to this one as we continue al ong our path to sol ving
t hese issues.

CHAI RVAN FORD: Now, | wunderstand that
fromyour point of view, thisis just aninformtional
neeting. You' re not requesting a letter, you're not
schedul ed to give talks. The full commttee neeting

is this week. Is that correct?
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MR. BATEMAN: Yes. Okay. And with that,

"1l turn it back to you, Dr. Ford.

CHAl RVAN FORD:  Thanks very nuch, Bill.

Larry, let nme pass it on to you.

MR. MATTHEWS: Good norni ng.

CHAl RVAN FORD: Thank you for com ng.

MR. MATTHEWS: You're wel conme. Thank you
for inviting us the day after a holiday.

(Laughter.)

PARTI Cl PANT: Boy, that was a hi dden dig.

CHAI RVAN FORD:  You' re wel cone.

MR. MATTHEWS: M nanme is Larry Matthews.
| work wi th Sout hern Nuclear. And |'mthe Chairman of
the Alloy 600 Issues Task Goup of the Materials
Reliability Program

This is kind of the agenda we had laid
out. I'll do a brief overview, present sone of the
conclusions up front. And then Aen VWiite will go
over the failure nodes and effects anal ysis. And then
Pete Riccardella wll start on the probabilistic
fracture nmechanics analysis that we've got that is
part of our basis for our safety assessment and wil |
formthe basis for our inspection program

Kind of inthe mddle of hisis about when

| think we'll hit the brake. And then he'll cone back
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and finish. Then I'lIl have a brief presentation on
Al'l oy 690 and our technical basis for that materi al
t hen t he conclusions. And then Alex will come up and
conclude the norning wth a presentation on the
materials initiative.

Alittle background, the industry events
t hat have taken place have shaped our final safety
assessnment, whichis MRP-110. MRP-110, itself, is not
1,200 pages long. But all the supporting docunents
that goalongwithit, if you add themall up, they're
in the 1,100 to 1, 200-page range.

Initially, t he safety assessnent
nmet hodol ogy that the MRP was using was reactive to
what was going on in the industry. After the North
Anna 2 results, if you recall, there were
circunferential flaws or certainly indications of
circunferential flaws with no | eakage on top of the
head.

That caused us to reassess our approach.
And we went back to Ground Zero and decided to do
everything, starting with the failure nodes and
effects analysis to make sure we weren't overl ooki ng
sonet hi ng

The purpose here is to discuss briefly our

MRP- 110 and sone of the supporting work that goes into
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that. And then also a brief discussion on MRP-111
whi ch i s our survey or the assessnent that we've done
on the resistance to PW5CC for Al loy-690 in the weld
nmet al s.

Basically it's based primarily on known
lab and field studies. But -- well, it includes the
field work with the steam generators primarily.

And t hen an update on the status of where
we're going with the inspection plan.

CHAI RMAN FORD: This MRP-110, is that the
revision essentially of MRP-75 --

MR MATTHEWS: No

CHAI RVAN FORD: -- which | understand
there was a little bit of a hiatus about?

VR,  MATTHEWS: No, MRP-110 and all its
supporting docunents are the techni cal basis that will
be -- they formthe technical basis for the revision
to MRP-75. It will have a different nunber. It's
going to be, | think, MP-117.

But it -- that will be the inspection plan
that we're going to put forth. And all of these
docunents formthe technical basis for that.

e haven't conpletely gotten the
i nspection plan through our inspection plan through

our review process. W hope to do that this sunmer.
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CHAl RVAN FORD: \When we had the neeting

| ast spring, Larry, with all the coments nade about
MRP-75 as to whether that was now the docunent
whet her it was -- everybody was agreed upon, it was a
t echni cal docunent. Were do we stand on that?

Is it -- if | pick up a docunent saying
MRP-75, should | be reading it as the opinion of the
MRP?

MR. MATTHEWS: No, no. W withdrew that
docunment from consideration by the NRC after North
Anna 2 because one of the primary bases for that
i nspection plan was that visual inspections were
adequat e.

CHAl RVAN FORD:  Yes.

MR MATTHEWS: And then because of the
North Anna 2 results, we said whoa, we've got to
rel ook. And --

CHAI RVAN FORD: Now just to rem nd us,
North Anna 2, there was circunferential cracking but
no boric acid crystals. That's the --

MR MATTHEWS: There were --

CHAl RVAN FORD: -- sinple reason why.

MR, MATTHEWS: Yes, there were sone
nozzles that had circunferential indications. And

we' ve taken t hose nozzl es out, sendi ng sone of themto
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hot cells to find out what was really there.

But t hat i ndi cat ed t here was
circunferential crackingright at the root of the weld
wher e t here woul d not be nuch wel d |igament |eft. But
it didn't penetrate the annulus so there was no
| eakage on top of it.

CHAI RMAN FORD: Ch, | see. GCkay. kay.

MR. MATTHEWS: MRP-110 basically covers
all of the CRDM CEDM and ICl-type nozzles that are
attached with J-groove wel ds.

We haven't really addressed those few
nozzles that are attached with butt welds. And from
a technical standpoint, we really didn't do nuch
anal ysis on the head vent nozzles. They're small and
woul d be bounded by the analysis we've done on the
CRDM nozzl es.

There are a fewnozzles in the plants that
are attached with butt welds. They're either machi ned
or forged nozzles on the |low alloy steel and they're
attached with butt welds. And those will be addressed
nmore with the butt weld safety assessnent.

Concl usi ons, axi al nozzl e cracki ng | eadi ng
to nozzle rupture is not a credi ble failure nmechani sm
in our mnd. The critical crack length is nuch

greater than the height of the nozzle region that's
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subject to wel ding residual stresses.

So the significant margi n exi sts agai nst
nozzl e ejection due to the anount of tinme required to
growthe circunferential crack that you' d shown as one
of the -- | guess that was the -- | can't renenber,
Peter, whether it was the top curve or the mddle
curve. But circunferential crack growh to nozzle
ejection is one of the concerns. And we believe
there's significant margin there.

Periodic bare netal visual exam nations
provi de assurance agai nst significant wastage of the
low alloy steel head material. A program of non-
visual NDE, FUT or EDI CRUNT, and bare netal visua
exam nations at appropriate intervals, we fee
provi des adequate protection against safety-
significant failures.

And, in addition, the probabilistic
fracture nechanics analysis, which is docunented in
MRP- 105, one of the supporting docunents that Pete
will discuss, shows a |ow probability of pressure
boundary | eakage, also with that same program of NDE
and vi sual exans.

CHAI RMVAN  FORD: Now sone of these
concl usi ons, especially those that relate to the risk

aspect, were spelled out in words back in the spring
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of 2003.

MR MATTHEWS:  Yes.

CHAI RVAN FORD: But there was no anal ysi s
shown to support them | take it that the rest of

this nmeeting, we're going to have that?

MR. MATTHEWS: Pete's analysis --

CHAI RMAN FORD:  Ch, okay.

MR. MATTHEWS: -- will gointo sone detail
on the PFM Now we' ve had to cut out about 60 percent
of the slides that he presented to the NRC just to
squeeze it into our time slot.

CHAI RVAN  FORD: I under st and, I
under st and.

MR  MATTHEWS: But he does have sone
slides that show the risk associated with the -- or
the probability of ejection, et cetera.

CHAI RVAN FORD: Okay. And as | under st and
it, Bill, that particul ar anal ysis, you have not gi ven
an opinion on yet? So it would be inappropriate for
us to --

MR. BATEMAN: That's correct, that's
correct. W have not.

CHAI RVAN FORD: It woul d be i nappropri ate
for us to give opinions although we can conment.

MEMBER WALLI S: | guess we're goi ng to get
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to this but this last bullet here, |ow probability
pressure boundary. Presumably all these boric acid
crystals and so on are evidence of |eakage so it's
happened. Did you nean a | arge | eak? O what do you
nmean by that?

MR. MATTHEWS: No, | nean going forward
with the inspection programthat we're going to |ay
out of non-visual and visual inspection program
especially the non-visual inspection program if we
i mpl enent that program the risk analysis shows
there's a | ot probability of |eakage.

MEMBER WALLI'S: But that's sort of -- I'm
tied upinthe logic. But you re |ooking for a leak,
you're | ooking at the crystals. And then you're
saying there's a |ow probability of a |eak. | don't
under st and what you nean.

MR. MATTHEWS: No, not the -- non-visual
NDE i s | ooking for cracks before they | eak.

MEMBER WALLI S: Vel |, bare netal visua
is looking for a |eak.

MR MATTHEWS: Visual is looking for
| eaks.

MEMBER WALLI'S: And yet the next bullet
says there's a low probability of it. So | don't

qui te understand how t hese two --
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VEMBER SHACK: Because it's non-vi sual

NDE

MEMBER WALLI'S: No, he's got bare netal
vi sual , too.

MEMBER SHACK: He's got bot h.

MR. MATTHEWS: Yes, |'m doing bot h.

MEMBER WALLI S:  But then why are you -- if
there's such a low probability of it, why are you
| ooking for it? | don't understand the |ogic.

MR. MATTHEWS: Defense in depth.

MEMBER WALLI'S: No, but why do you have
this thing, this last bullet? You ve already -- we
knowit's |ikely because it's happened in many pl ants.

MR MATTHEWS: It has.

MEMBER WALLI'S: So | don't under st and what
you nean by the last bullet.

MR MATTHEWS: The one --

MEMBER WALLI'S:  You nean a big |l eak? O
do you nean a trickle? O what?

MR. MATTHEWS: | think -- no | nmean any
| eak. | mean that if you inplenment the program of
non-vi sual NDE, we calculate a |ow probability of
| eakage inthe future. W didn't have that programof
non-vi sual NDE in the past.

MEMBER WALLI'S:  An inspectionis goingto
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change the probability of |eakage?

VI CE CHAI RMAN SI EBER: That's because you
find everything before they | eak.

MR MATTHEWS:  Yes.

MEMBER SHACK: |If you find cracks before
t hey break through, then there's no | eak.

MEMBER WALLIS: Ch, okay.

MEMBER SHACK: You fix them

VI CE CHAI RVAN SI EBER  That's what gi ves
you the | ow probability.

MEMBER WALLI S: So that's the thing --
that's the thing that matters. The bare netal visua
is just a backup.

MR. MATTHEWS: The bare netal visual does
not contribute to the |ow probability of | eakage.

MEMBER WALLIS: Ch, | see, okay. Nowl'm
begi nning to get --

MR, MATTHEWS: So it's a defensive in
depth for the wastage issue.

MEMBER WALLIS: So to be accurate and to
allay gri mthings, you should put inthe future at the
end of that sentence. Your randy-dandy new process --

MR, MATTHEWS:  Yes.

MEMBER WALLI S: -- says hey, we're not

going to -- so you'll catch thembefore they leak is
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t he i dea.

MR MATTHEWS:  Yes.

MEMBER WALLIS: That's -- okay.

MEMBER SHACK: Yes, with a high
probability.

MR MATTHEWS:  Yes.

MEMBER WALLI'S: So what you nean is there
is a probability of catching them before they |eak,
not an actual |low probability by itself of the
| eakage. And then --

VI CE CHAI RVAN SI EBER: Wl |, you may fai
to detect sonme crack.

MR. MATTHEWS: Yes, you may fail to detect
some but you take --

VI CE CHAI RVAN SI EBER: You know, what
they're trying to do is --

MEMBER WALLI'S: There's sone probability
that sone will get through --

VI CE CHAI RVAN SIEBER: -- is to avoid the
enbarrassnent of the NDE i nspector saying, "Hey, it
| ooks good to ne with this big red tongue of rust
com ng out somepl ace.”

MEMBER WALLI S:  You have haven't changed
the probability of cracking.

MEMBER SHACK: No, they haven't, that's
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right.

MR. MATTHEWS: No, we haven't.

MEMBER WALLI S: You've changed the
probability of |eaking.

MR MATTHEWS: Yes --

MEMBER WALLI S:  Thank you.

MR. MATTHEWS: -- because we're going to
catch it at that tine. | should have said it that
way.

MEMBER ROSEN: Al this talk about I|ow
probability, | presunme you're goi ng to showus nunbers
with uncertainties at sone point?

MR. MATTHEWS: |'m not sure how much --
Pete's done the uncertainty analysis and all. [|'mnot
sure he's got those plotted on there. But he wll
show you nunbers for the cal cul ated probability.

VMEMBER WALLI S: Bill Shack is going to
present sonmething with a range of 10° or sonet hi ng of
uncertainty.

CHAI RVAN FORD: Larry, if you renenber
| ast spring at this correspondi ng neeting, we sure had
a lot of concern about the ability of the various
i nspection techni ques to detect damage in these | arge
wel ded constructions.

MR, MATTHEWS:  Yes.
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CHAI RMVAN FORD: | noticeinthis norning's

presentations, there's nothing at al | about
probability of detection and inspection techniques.
There's no di scussion of those. Is it buriedin here?

MR. MATTHEWS: On a couple of slides. W
have a slide in there that inpedes probabilistic
fracture mechanics that plots them in the
denonstration results and agai nst the PCOD curve that
he's using in his PFM worKk.

CHAI RVAN FORD: So there wi || be sone data
agai nst the PCOD curve?

MR. MATTHEWS: Yes. O courseit's either
detected or undetected. And we show the range.

CHAI RVAN FORD: Could you -- obviously
it's going to be a very abbrevi ated di scussi on of the
i nspection techni ques andtheir capabilities. Canyou
gi ve us sone idea of the extent of work that's going
on in industry on that topic?

MR MATTHEWS: W have nunerous blind
nockups that we discussed with you --

CHAl RVAN FORD:  Yes.

MR,  NMATTHEWS: -- last year and those
nockups have been avail able and the vendors, all of
t he vendors that are doi ng NDE on t he heads have cone

i n and performed denonstrations. W have the data for
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t hose denonstrati ons show ng what's detected, what's
not detected, the various | ocations of the flaws, how
deep they were, et cetera.

And all of that data has been coll ected.
There's just a limt to how nuch we can put into --

CHAI RVAN FORD:  Sur e.

MR. MATTHEWS: -- one norning. And, you
know, we got it down on what slides, showi ng the UT
results versus what Pete's using for his UT on the
probability detection curve. But --

CHAl RVAN FORD: Now has this data -- has
this -- all these detailed anal yses of the various
i nspection techniques, et cetera, have they been
shared with the staff?

MR. MATTHEWS: I"'m not sure if we
subm tted that. They've certainly been avail abl e for
themto | ook at.

MR. BATEMAN: | think it's been avail able
but typically what we'll do if there's sone new
breakt hrough, 1'Il send sone of ny staff down to the
Upper NDE Center and we'll observe what's going on
down there. But | think in terns of recent tines, |
don't think I've done that.

But | mean it is available tous if we --

CHAI RVAN  FORD: It's just that | keep
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hearing murmurs within the community that yes, we're
doing all this fantastic work on PFM et cetera, et
cetera, even given the uncertainties about crack
growt h rates, et cetera. But we keep on com ng across
a huge barrier when it comes to the control aspect,
t he i nspection aspect of this.

And we haven't been noving forward at al
on this area. This is what |I'm hearing within the
i ndustry.

Is that a fair comment?

MR, MATTHEWS: I wouldn't think so. I
mean the inspections that are perforned, when we do
the volunetric inspection on these plants, | think
they're pretty reliable. And they're picking up very
smal | flaws and people are repairing fl aws that are no
wher e near | eaki ng.

CHAI RVAN FORD: It would be really good
for us to hear this because this whole conmttee, in
our last letter, in fact, we -- in May of |ast year,
we expressed a huge anount of concern about the
capability of inspection techniques.

It would be good for us to hear those
concerns are being addressed.

MR. MATTHEWS: And certainly | think we

have confidence inthe UT results that are com ng out.
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They | ook pretty good to us, | think. And they're
pi cking up small flaws, et cetera, ODflaws, IDfl aws.

CHAl RVAN FORD:  Ckay.

MR. MATTHEWS: CQur inspection plan, which
we will get developed fairly shortly, | hope, wll
define what those inspection intervals will be and
what the details of the coverage and the
characteristics.

The next part of the presentation, we want
to wal k through the devel opment of the failure nodes
and effects analysis. And I'm going to have den
Wiite conme up and do that.

CHAI RVAN FORD:  Thanks.

MR VWHTE: Al right. Good norning.

| have about 18 slides this norning. W
have a 45-m nute sl ot that's schedul ed i n t he agenda.
And |I'm going to go through the failure node and
effect analysis. And this is docunented in the MRP-
110 safety assessnent.

| "' mt he princi pal aut hor of that document.
And it was subnitted to the NRC staff on April 14'"
That docunent is the top |evel docunent. | t
references various other evaluations that have been
subm tted.

Pete Ri ccardellaw || be tal king about the
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probabilistic fracture mechanics, which is in another
report, MRP-105; 110 references that work. But 110
also includes sonme evaluations of its own. The
failure node and effect analysis is one and the
wastage evaluations is another area where that
information is included directly in 110.

Al'l right, soinny talk here, 1'll just
briefly be introducing the concept of the FMEA, talk
about why we perforned this sort of analysis for the
top head.

"1l go into the scope that is covered,
what conponents are covered, what degradation
mechani snms are cover ed.

And then I'lIl get into the heart of the
FMEA, which is the failure path fl owchart, which has
been handed out. And so I'll discuss how that chart
works and |I'l1 discuss what information goes al ong
with that chart in the MRP-110 report.

"1l givethe conclusions andthenl'll go
t hrough one exanpl e, what woul d we call a disposition
path, a failure disposition path, and howthat -- to
illustrate how the flow chart works.

Al right. FMEA is one of the total
quality tools that's used often to ensure product

reliability. Qur goal here, our main goal here, isto

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

28

ensure safety rather than just product reliability.
So the way that we apply this has that in mnd first.

But FMEAs do have a common structure of --
the purpose is to identify the various failure nodes
and their principal characteristics, one being the
cause of each

Two, what effects those nodes can have,
what are the consequences. The cause and effects,
we're using the flow chart to illustrate those
rel ati onshi ps.

Thirdly, we have the detectability of each
node and the frequency of occurrence. Those are the
mai n paraneters that one has to get after inafailure
node and effect anal ysis.

Al'l right. The purpose here -- foll ow ng
the North Anna 2 experience, there was a renewed
interest in trying to be proactive rather than being
reactive to inspection results, to look at the
conmponent, and to postulate all the different ways
t hat we coul d have a failure and without regard to the
i nspection results.

So this is wping the sheet clean,
t hi nki ng about all the different ways we coul d have a
failure, and trying to anticipate all these types of

failures and make sure that our inspections covered
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t hese types of failures even though we haven't seen
themin the field yet.

Another purpose here is to direct
t echni cal eval uati ons. W want to make sure that
we're doing the right sorts of evaluations in the
right detail. And the FVMEA nakes sure -- points us in
t he di recti on of what detai |l ed engi neeri ng eval uati ons
need t o be perfornmed and what areas we need to col | ect
addi tional |aboratory or plant data.

We'll nmove on to the next slide here.
W' ve brought forward the concl usi ons here before we
get into the details. As we'll repeat |ater on, the
mai n conclusion is that the FVMEA confirns that nozzle
ej ection and head wast age are the two naj or potenti al
safety concerns that we've already seen on a slide
t hi s norning.

And secondly, the FMEA hel ps define the
i nspection capabilities that are needed to detect a
degradati on before defense in depth is conprom sed.

There's a third concern. And that is the
generation of | oose parts. And that hel ps to set the
requi red inspection area.

So it's not necessary to inspect inside
the pressure boundary to provide assurance agai nst

nozzl e ejection. But there's a concern for -- well,
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of course if cracks grow from outside the pressure
boundary into the pressure boundary and up above, it
could eventually lead to nozzle ejection.

But there is also a concern to inspect
i nside the pressure boundary to prevent generation of
| oose parts.

CHAI RMVAN FORD: Can | ask a question of
clarity? These FMEA results, are they all for just
t he vessel head penetration? There's no -- is it the
same concl usions apply -- have you done the anal ysis
and found the same concl usions apply, for instance,
for pressurizer penetrations?

MR. WH TE: They would be --

CHAI RVAN  FORD: O bottom head
penetrations?

MR. WHI TE: They would be quite simlar.
There's separate work going on for other |ocations.
|'m thinking of the bottom head, there are sone
di fferent conmponents. The consequences of having a
break are different.

On the top head, we have control rods
often that are in the penetrations. So it's a
different situation fromthe bottom head. So there
are sonme di fferences. Largely, they' re the sane. But

there will be sone differences.
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CHAl RVAN FORD: Ckay. |'ve got another

questi on about scope.

At the |l ast neeting in the spring of |ast
year, they also raised a question about BWR bottom
head penetrations. | recognize that this is not an
MRP program but within the EPRI famly, is there a
simlar sort of effort going on for BWRS?

MR. MATTHEWS: Wthin the materials
reliability program this work is all in the
pressurized water --

CHAI RVAN FORD: Yes, | recognize that.
But within the whole --

MR. MATTHEWS: |If thereis, it would bein
the purview of the BWR VIP. And | believe they've
| ooked at the bottom penetrations but | don't know.
It's just not sonmething |I've worked on. That's been
the BWR VIP efforts.

CHAl RVAN FORD:  Ckay.

MEMBER ROSEN: And the answer to Dr.
Ford's question was the work is going to be extended
to include bottom heads as well as other RCS
| ocati ons?

MR. WHI TE: That's right. There's work in
progress right now on the bottom head and in other

| ocations. Specifically, there's an FMEAthat's being
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wor ked on right now for the bottom head.

CHAI RVAN FORD: Now will it be confined
just to the penetrations? One of the recent neetings
t hat we had had with ot her peopl e have i ndi cated t hat
there's a questi on of where you drawthe lineinterns
of the scope of these.

For i nstance, the surge lines withrespect
tothe pressurizer. Areyougoingto keepit strictly
to PAR primary penetrations?

MR. MATTHEWS: There's al so separate work
bei ng done. And | expect the assessnent soon to be
submtted followed by an inspection evaluation
guideline for the butt welds that are throughout the
primary system

CHAI RMVAN FORD: Ri ght.

MR. MATTHEWS: So that work is underway
and should be submtted shortly. And --

CHAI RMAN FORD: So this overall approach

MR MATTHEWS: -- so that's the butt
wel ds. And then this is the top heads, the
cooperative effort between MRP and owner's groups is
working on the bottom heads. And | believe the
Westi nghouse Omers Goup is primarily, but not

solely, but primarily addressing the pressurizer
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situation.

CHAI RVAN FORD:  So this met hodol ogy that
you' re tal king about is being applied, obviously, to
t he vessel head. But you can look forward in the
future to seeing a simlar nmethodol ogy applied to all

of the PWR and by ot her peopl e by the BWR conponent s?

MR VWHTE: | thinks that's the general
i ntention.

CHAI RMAN FORD: Is that?

MR VWH TE: Yes.

CHAI RVAN FORD: That's the wi sh. Ckay.
Good.

MR MATTHEWS: | don't want to m sl ead
you. | don't believe there's an FMEA like this as

part of the butt weld safety assessnent.

CHAI RVAN FORD:  Ckay.

MR. MATTHEWS: Because, you know, that's
primarily a LOCA.

CHAl RVAN FORD:  Yes.

MR. MATTHEWS: And a crack grow ng t hr ough
the wall .

CHAI RVAN  FORD: Could | ask another
guestion which is, again, unfair maybe but we keep
| ooki ng at these integrity of conponents to materials

degradati on under operational conditions. Veryrarely
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do we see, unless it's avery unusual circunstance, as
to the performance of degraded materials under severe
acci dent conditions.

Has that got into your thinking as you
nove forward using this approach? Asking the question
what if? Wat happened if we had a severe acci dent
where you go outside the normal pressure tenperature
transi ents under a severe accident condition?

MR VWH TE: Well, we have -- there's been
wor k done on consequenti al damage. So if we do have
a pressure break, a pressure boundary break, what
happens next. And that has been considered
systematical ly.

CHAI RVAN FORD:  Ckay.

MR WH TE: So -- but | think severe
accidents should be -- are considered under that
scenari o.

CHAI RVAN FORD: But t hey' re not consi der ed
about anything that you're -- in the scope of what

you're tal king about today --

MR VWH TE: No.

CHAI RVAN FORD: -- on primary or to side
penetrations?

MR. WHI TE: That's right.

CHAIl RMAN FORD: Ckay. Thank you.
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MR WH TE: Okay. So we'll step forward

then to the next slide, which spells out the scope
t hat we | ooked at.

We have the All oy 60 nickel alloy nozzle
material. The typical nozzle is a CRDM penetration
nozzle, four inches in diameter, two and three-
quarters inch IDis the nom nal size for the typica
nozzl e.

And the area of the nozzle that's covered
by the FMEA is the area in the region of the J-groove
wel d. The J-groove weld introduces high residual
stresses and ovalization due to the weld shrinkage
pr ocess. And that makes the Alloy 600 materi al
suscepti ble to cracking, tohave thetensile stresses.

So the area that's covered is in the
region of the J-groove weld, including the Alloy 600
nozzl e, the all oy, generally Al l oy 182 wel d net al t hat
forms the J-groove weld, and also the weld netal
buttering that's appliedto thelowall oy steel before
the nozzle is install ed.

So those are the conmponents and material s
that are within the FMEA. The FMEA does not cover,
for exanple, the -- often there is a butt weld up
above towards the CRDM housing. That would not be

within the purview of this FVMEA we're | ooking at of
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t he region where there has been cracking or we know
there's high stresses.

For each, this chart here identifies the
pl ausi bl e agi ng degradati on nechani sns for each of
these materials. These are the nechanisns and
materials that are covered in detailed in the FVEA
supporting technical discussions in MRP-110.

So starting with the nozzle, we have a
primary water stress corrosion cracking, a |ow
potential stress corrosion cracking-type node that
occur in pure water. W have al so a potential concern
for environmental fatigue if we have transient
| oadi ngs.

Wth the caveat being we have the region
above the weld on the OD of the nozzle, if we have
| eakage to that region, we can have concentration of
primary coolant leading to a different chem cal
environnent that primary water.

So that potentially can put us in a node
of cracking that is not classical for a water stress
corrosion cracking potentially if we have an
environnent there that's enough off nom nal. And
t hen, again, environnental fatigue in that region,
t 0o0.

When we look at the weld netal and the
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weld buttering material, we al so have -- we i ntroduce
anot her potential cracking node that does not effect
Al'l oy 600 and that' s | owt enperature crack propagati on
t hat has been observed at el evated | evel s of hydrogen
and relatively | ow tenperature.

And there is a test programthat the MRP
has sponsored that's in progress |ooking at that
potential for that type of cracking.

The prelimnary results of that are that
it's believed that the conditions that could lead to
that sort of | eak propagati on are hard to conme up with
in practical plant conditions but it is being | ooked
at nore closely by the MRP. And it's also a crack
propagati on node, not a crack initiation node.

Then the last line --

CHAI RMAN FORD: ['"'m sorry. Coul d you
repeat that |ast sentence?

MR VWHTE: It would have to require an
exi sting flaw.

CHAI RVAN FORD: Ckay. Soit's propagation
not --

MR WH TE: It's a propagation, not
initiation.

The last lineinthe table hererefers to

the concern for boric acid corrosion, the general
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corrosion of thelowalloy steel material, and t hen we
al so have a concern for the potential node of cracking
for the low alloy steels is environnental fatigue.

Stress corrosion cracking is not a
pl ausi bl e degradati on node for the [ow alloy steel
based on test data and plant experience.

MEMBER ROSEN:  There's going to be fatigue
of the vessel.

MR WH TE: Well, we don't -- it is a --
you could cone up with that. Under the right
condi tions, yes you can have environnental fatigue of
the low alloy steel material.

MEMBER ROSEN:  Whet her or not these ot her
t hi ngs are doi ng anything? You have to worry about
fatigue of a vessel? Does that apply to the whole
vessel ?

MR VWHTE If you can imagine a crack
propagating fromthe nozzle materi al

MEMBER ROSEN: O from somewhere el se.

MR VWH TE: Right.

MEMBER ROSEN.  Anywhere in the vessel ?

MR VWHI TE: Well, the fl awwoul d conme from
the nozzle or fromthe weld. Cbviously just the --
under wi thout any flaws being introduced there, the

head itself has been analyzed for fatigue as part of
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the design basis of the vessel. But now if we
i ntroduce new flaws, that may mean --

MEMBER ROSEN: Bigger flaws that aren't
within their control

MR WHTE: Well, flaws that woul dn't be
consi dered under the design basis of the vessel.

CHAI RMAN FORD: d en, could you go back
pl ease one slide?

Ckay. | just flipped through the rest of
your slides and |' massumi ng that you were to use this
table, you've got to quantify the degree of
degradation as a function of time for all the rel evant
system paranmeters. And yet in |ooking through here,
| see no such al gorithns.

Do you think the al gorithnms do exist?
nmean we've heard about primary water sites just
cracking until the cows cone hone al nost. But sone of
the others -- we have boric acid corrosion. W have
heard nothing at all about sone qualitative argunments
t hat you nade about a year ago.

MR VWH TE: Yes.

CHAI RVAN  FORD: About the degrade is
i nportant but nothing elsequantified. Simlarly, | ow
tenmperature crack propagation and |ow tenperature

fracture toughness, | know of no al gorithms that give
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how those arise as a function of tine.

Envi ronnment al fatigue, yes, fromwork at
Argon and other places. Presumably all these
degradation nodes are quantified as a function of
syst em par anet er s.

MR VWH TE: Well, if we take them one at
atinme, thelowtenperature crack propagation, there's
-- just in the last year, the MRP has initiated
t esting.

CHAI RMAN FORD:  Yes.

MR VH TE: And so we're noving towards
under standi ng what conditions this type of crack
propagati on could occur. And so that work is not
conplete yet. But the prelimnary conclusions are
that it's very difficult to come up with these
conditions in the practical plant experience.

CHAI RMVAN FORD:  And you can't bound t hem
like you say it's inpossible to have such and such a
system paraneter |ike environment or whatever the
envi ronnent al conponent is? You can't bound it? The
probability that you could have degradati on by that
particul ar mechani sn?

MR VWH TE: Well, we haven't done that.
|"d have to say that that work is in progress.

CHAI RMAN FORD: Okay.  Ckay. | notice
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al so that these are all for old materials. There's no
mention at all about 690, 52, 152, 172 --

MR WHTE: Wwell, the --

CHAI RVAN FORD: -- the advanced nmateri al s.

MR VH TE: -- the FMEA itself would
| argely, al nost conpletely, apply what we've done to
t he 690 heads. The main difference is is that the 690
material is much nore resistant to cracking, upper
stress erosion cracking.

CHAlI RVAN FORD: And we have data -- |
recogni ze that.

MR VWHTE: Yes. So we --

CHAI RVAN FORD: But we have got solid
propagation rate data to show that?

MR. MATTHEWS: Not propagation. W' ve got
data on initiation. |If you can't crack it, it's kind
of hard to growa crack. But we're working in the MRP
toseeif we can't cone up with sone crack propagati on
rates, which we believe will be orders of magnitude
bel ow the safe limts.

CHAl RVAN FORD: But -- well, let ne give
you a -- | can foll owyour argunent assum ng t he crack
initiates in the 690 or doesn't initiate. But how
about crack initiating froma pre-defected 52 or 152

wel d, which then hits the 690. And the question is
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does it propagate on through the 690.

That is adevil's advocate but potentially
real situation.

MR. MATTHEWS: It certainlyis. And we're
trying to work to come up with what are realistic
crack growth rates for Alloy 690 and the wel d netal s.
And we have progranms underway to do that. But it just
takes a while. And we're not there yet.

But it certainly from an initiation
standpoint. There's a |ot of |ab data out there and
"1l talk about that later in the presentation.

CHAI RVAN FORD: As we go through this,
d en, you know we' ve t al ked about the boric acid, the
quantification of boric acid. And that's presunably
ongoi ng. You tal ked about the | ow tenperature crack
propagati on and fracture toughness. And al so the
propagation rates for the alternate all oys.

And you say these are all being done. |Is
it fair tocharacterize where we're goi ng on thi s FVEA
approach right nowas still inthe prelimnary stages?

MR VH TE: No, | think the FMEA is
conplete in that it has pointed us to conclusions to
support the safety assessnent, what evaluations we
need to do.

But we recogni ze that there's additional
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wor k, additional |aboratory work that needs to be
performed and is being perfornmed. And then the MRP
will followthese devel opments cl osel y as we get dat a.
And t hen al ways go back to the FMEA, back to the MRP-
110 safety assessnment to make sure that everything
continues to be covered by the inspections that are
bei ng perf orned.

CHAIl RMVAN FORD: Ckay. Can you give us
sone idea as to when sone of these other activities
will be finished? Is it two years? Five years?

MR. MATTHEWS: No, | think the boric acid
corrosion work i s supposed to be finished next year.
There is a lot of the separate effects, et cetera,
bei ng done this year. And then the final nockups,
bel i eve, are next year.

MR. WVHI TE: Yes, they'll begin early next
year is the schedule and then to finish up by the end
of 2006. So for the boric acid corrosion work, we're
in an experinmental program now. There's four
different sets of tests that are being perfornmed.

The first three sets of tests will be
finished by the end of this year. And that helps to
set up the design and configuration test matrix for
t he nockup tests that will be done in 2005 and 2006.

CHAI RMAN FORD: Ckay. But in the nean
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time, the thing that -- the thing of concern is that
inthe nean tine, if before the end of 2006, we have
anot her unfortunate incident, are we satisfied from
t he anal yses that you and Dr. Riccardella have done,
that we are not -- we do not have a huge risk of
somet hi ng happeni ng bet ween now and 2006 when we wi | |
have all the answers?

MR WHITE: | amsatisfied, | think yes we
are satisfied. And if we |ook at the node for plants
that have arelatively hightinme and tenperatureis to
do -- like right now, they' re perform ng bare neta
vi sual exam nations every outage.

The work that we've done is nmaking
conservati ve assunptions on wastage rates and |eak
rates and so on, shows a very high degree of
confi dence that those sort of inspections would
prevent any |arge anmounts of wastage from occurring.

Then on top of that, we have the non-
vi sual NDE i nspections, | ooking for cracks. And those
-- all the plants that have greater than 12 effective
degradati on years, that's the cutoff that the NRC has
established for «classifying a plant as high
susceptibility.

Al those plants have performed their

basel i ne non-vi sual NDE exam nations al ready. And the
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plants that are in the next category, the nodern
category will -- there's only a handful of plants that
have not yet performed those inspections.

And they're fast -- over the next couple
of outage seasons, they wll all nearly perforned
t hose i nspections. G ven that, you know, | think that
we have -- we do have this high confidence.

CHAl RVAN FORD: Ckay. Thank you.

MEMBER RANSOM  Could | ask a question
about where you have cl addi ng, you know, protecting a
base netal, do you get wastage if you have a failure
in the cladding? And, you know, the wastage occurs
fromthe inside out, ineffect? It's a comon failure
of coatings.

And |I'm wondering -- |'ve never heard
anyt hing about that failure nmechanism |Is there a
reason why that doesn't occur?

VI CE CHAl RVAN S| EBER: No oxygen.

MR. MATTHEWS: Yes, |ack of oxygen, you
typically don't get much corrosi on under that cl addi ng
wi thout the oxygen present. And that's the

di sadvantage of the leak tothe top head is that it's
an open --
VI CE CHAl RMAN SI EBER.  Ri ght.

MR. MATTHEWS: -- oxygenat ed envi ronmnent.
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Cracks in the cladding, even the VC, sone are cracked
through the cladding and hit the low alloy steel
nozzle, blunted right at the nozzle and did not
propagate into the nozzle.

VI CE CHAI RVAN SI EBER:  There are reactor
vessel s that have pieces of cladding mssing on the
i nside that have been di spositioned and t he corrosi on
rate is like a couple mls a year or sonmething like
t hat .

MEMBER RANSOM  Ckay.

VI CE CHAI RVAN SIEBER: And it's due to the
| ack of oxygen so they're in service.

MEMBER SHACK: And the low boric acid
concentration.

VI CE CHAI RVAN SI EBER  Yes, that's true.
You know, there's no concentration mechani sm

MEMBER ROSEN: By |ow, you nean nornal
operating conditions?

VI CE CHAl RVMAN SI EBER:  Yes, right.

MEMBER ROSEN: As opposed to concentrat e?

MR. MATTHEWS: Yes, |ike when it goes to
22,000 or higher, neans that the whole --

MEMBER ROSEN: The hi ghest you're goingto
get in operation is 2,000 or 2,500 let's say.

VI CE CHAI RVAN SI EBER:  Ri ght.
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MEMBER ROSEN: DPM

VI CE CHAI RVAN SI EBER:  Yes.

MEMBER RANSOM What i s t he purpose of the
cl addi ng?

VI CE CHAI RVMAN SIEBER: To avoid the two
mls per year corrosion. | mean you' re generating a
| ot of corrosion products that are flying around in
the cooling system They're activated. They clog up
stuff. They make hot spots. So the rad techs would
just go bananas if you didn't have cl addi ng.

MEMBER ROSEN: | think it's nore about
keeping their RCS clear than the corrosion rate.

VI CE CHAI RVAN SIEBER  That's right.

MR. WHI TE: GCkay. Then why don't we nove
ahead to --

MR. MATTHEWS: You' d better. You' ve got
about 15 m nutes.

MR VWHTE Al right. At this point,
"1l introduce the charts that were handed out. The
first one -- one of the pages is the failure, the FMEA
flow chart that's in the MRP-110 safety assessnent.
So this is right in the report in Section 2.

The other sheet we'll get to later.
That's the exanple path that we'll foll ow.

So this chart was devel oped by the MRP to
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det erm ne possi bl e ways that these agi ng degradati on
mechani sns coul d | ead t o safety-significant failures.
So the industry sat down and brain storned, wthout
regard to inspection results, all the different ways
that we could postulate breaks of the pressure
boundary and | eakage.

W wote down all these different
nmechani sns and t hen t hought about all of the different
operations, materials, fabrication issues that would
impact the likelihood of these degradation nodes
occurring. And this is -- the chart is the end
product of that work.

There are -- so Section 2 of MRP-110
sunmari zes the FMEA, presents the flow chart. And
t hen two appendi ces in the back of the report provide
detail ed material that goes alongwith the fl owchart.

Appendi x B is a detailed table that goes
on for about 30 pages. And it covers each failure
path in this flow chart.

So as we nove from the bottom of the
chart, which covers operations and materials and
fabrication-type issues, up towards the aging
degradati on nodes, into | eakage and up i nto wast age,
| oss of cool ant accidents, and ultimately nmoving into

t he possi bility of core damage, t he safety-significant
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failure, the table covers all of these di fferent paths
t hat are connecting the different boxes.

So we have, you know, the chart itself
shows the relationships. But it doesn't sunmarize
what we've done to understand each of these failure
paths. That's what's in Appendix B of the report.

MEMBER ROSEN: Do you have an exanpl e of
what's in here that you can show us of that kind of
t hing? Maybe one or two of those entries fromthat
t abl e?

MR WH TE: Vell, we'll go through an
exanpl e disposition path. | don't have any exanple
slides fromthe table itself.

VI CE CHAI RMAN SI EBER: Do you have data
t hat shows the probability of achieving each one of
t hese blocks? In other words, sonme of these are
pretty inprobable. And other ones have a greater
probability of being the pathway.

MR VWH TE: Yes.

VI CE CHAI RVAN SI EBER:  And | was wonderi ng
if you comment on that work?

MR. WHI TE: As we'll hear Pete Riccardella
in the next talk, we'll talk about the cal cul ations
t hat show the probabilities.

CHAl RVAN FORD: But Peter's is primarily

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

50

just a stress corrosion cracking unless |I'm w ong.

And yet you've got a whole range of other possible

degradati on nechani sns. ls it fair to -- it's
frustrating for us, | guess, because we haven't seen
t he report.

But in that report, are the concl usions
relating to what Jack Si eber was aski ng, are t hey what
you woul d call engineering judgnent or is there sone
anal ysi s based on data?

MR VWH TE: Well, yes, it's based on data
and eval uati ons. The nozzle ejection -- what we
calcul ate for the increase in core damage frequency
due to nozzle ejection is the bounding mechanism
bounding failure path. GCkay?

MEMBER ROSEN: Let nme pick up on Jack
Si eber' s question about quantification of your chart.
The interesting thing about this chart is if you turn
it and hold it this way instead of the way you woul d
expect to hold it vertically --

VI CE CHAI RMAN SI EBER: | woul d have held
it upside down.

MEMBER ROSEN: -- you have a -- and put
t he nunbers at the branch points, what we call -- what
us PRA guys call split fractions, you can calcul ate

the likelihood of core danage frequency --
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VI CE CHAI RVAN SI EBER: R ght.

MEMBER ROSEN:. - - based on your know edge,
state of know edge across the chart this way. And
that would be the exercise that | would -- | think
woul d be of high value. It tells me what the
probability of large early release is.

G ven all these nechanisns and all --
everyt hing you know about all these things, these are
just the sequences here listed this way. And across
the chart it's an event tree waiting to happen,
waiting to be filled in, 1 should say.

VI CE CHAl RVAN S| EBER:  Yes.

MR VWH TE: Well, we think we've done the
appropriate quantitative evaluations to support the
answer of what the appropriate inspections are.

MEMBER ROSEN: I'm looking forward to
hearing about it.

VI CE CHAI RVAN SI EBER:  Yes, and we' || | et
you know whet her you have or not.

(Laughter.)

MEMBER KRESS: Normal |y, fail ure nodes and
effects analysis do that adding up of the sequence
events. They do that normally.

MR WHTE Al right. And there is a

second appendi x that goes along with the flow chart.
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And that's Appendix C. This is an expert el ucidation
of the i ssues associated with the chart, specifically
the materials, fabrication, water chem stry, aging,
degradation. So that is docunented in Appendix C.

And here's a Table of Contents for
Appendix C, materials and effects on cracking,
fabrication and effects, water chem stry. And then
how t hose i ssues flowinto t he degradati on nmechani sns
of PWSEC, fatigue, the |low tenperature crack
pr opagat i on.

And then there's a couple section -- or
one sectiononnozzlereliability, repair reliability.

CHAI RMVAN  FORD: You nentioned expert
el uci dati on.

MR VWH TE: El uci dati on.

CHAI RVAN FORD:  Thi s gi ves the i npression
that all of these algorithnms cone out inthis Appendi x
C are based on people tal king?

MR WHITE: No, this sunmarizes all the
| aboratory data and pl ant experience --

CHAI RMAN FORD:  Ckay.

MR VWHTE: -- that we have that sheds
light on these various paraneters.

CHAI RMAN FORD: Ckay. | understand.

MR VWHTE: In other words, we know t hat
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the material is susceptible to stress corrosion
cracking. We knowthat that's been seenin the field.
So it's a potentially an active degradati on node at
each pl ant.

And t he questi on becones wel | what factors
woul d increase the likelihood of cracking, crack
initiation, and what factors woul d i ncrease the crack
growt h rate, and howdo those factors interrelate, and
how does that nove you along towards the potenti al
failures.

CHAI RMAN FORD:  Ckay.

MR VWHITE: Al right. Then the next two
slides here show the plausible aging degradation
mechani sms. And t he key paraneters that control those
nmechani sns. And t hese are based on usual ly | aboratory
experience that we know these things to be true.

For primary water stress corrosion
cracki ng, mat eri al all oy conposition, mat er i al
structure, nmeaning the mcro structure and presence of
defects, and stress and tenperature, those are the
mai n paraneters that can increase the |ikelihood of
PWSEC.

If we ook at the potentially for a non-
primary water environment in that annulus above the

top of the weld, then we add in pH, electrochem ca
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potential, and the inpurities that are present.

Envi ronmental fatigue adds in cyclic
stress range, cyclic stress rise time, and nean
stress. So those are the transient |oading factors
that also nuch be considered when one tries to
cal cul ate an environnental fatigue rate.

Then for the Ilow tenperature crack
propagation, the key thereis -- the key paraneter, of
course, is dissolved hydrogen concentration. Andthen
for boric acid corrosion, |'ve listed here many of the
factors that would be expected to play a role.

W have nentioned already the oxygen
concentration, but there are many other paraneters
her e.

CHAI RVAN  FORD: Now |'m sorry to keep
asking this question, but the quantification of these
-- the rate at which you degrade, obviously it's going
to be a very conplicated equation that takes into
account all of those variables plus the secondary
i nteractions between those vari abl es.

MR VWH TE: Right.

CHAI RVAN FORD: Do you think that we have
those qualified algorithms? Qualified agai nst dat a,
that is.

MR. WH TE: Well, we have our experi nent al

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

55

data that sheds a lot of light on what we expect a
process to be like. And we have sone holes in that
experinmental data and that's the purpose of the
present test programthat's going forward.

Then you al so have eval uati ons based on
t hat test data, based on pl ant experience, that shows
t hat we have confidence that this process takes tine.

CHAI RVAN FORD: So if | | ooked up in NMRP-
110, | would see those, prelimnarily at |east, |
woul d see those prelimnary, at l|least, algorithns --

MR VWH TE: Yes.

CHAI RVAN FORD: -- for those various
degradati on plus the data to support those al gorithns.

MR VWH TE: The nodels that we have, we
tried to make conservative -- we have a probabilistic
wast age nodel, this docunment in the MRP-110.

CHAl RVAN FORD:  Ckay.

MR VWHTE W're not -- we don't have
time today to get into all those details. W would --

CHAI RMAN FORD: But it's in MRP-1107?

MR VWH TE: Yes.

CHAI RMAN FORD: | recogni ze you've got a
time constraint right now. But --

MR, WHI TE: Ri ght. It's all there

docunented. We're not cal cul ati ng the detail ed, point
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by poi nt water chem stry, boric acid concentration at
each point in the grid, and calculating |ocal
corrosionrates. Thereisn't the data to support that
sort of detailed eval uation.

So what we've done is we've |inked |eak
rates to crack growh rates. And we've |inked boric
acid corrosion wastage rates with | eak rates and t hen
postul ated an area over which this wastage 1is
occurring totry to get an estimate of how fast this
process could occur.

CHAI RVAN FORD:  So when you t ake t hi s FMEA
approach, the output of it is damage by whatever the
netrics are, degree of damage, as a function of all
these variables. You're going to conme up with very
| arge uncertainty because many of those input key
paraneters you don't know what they are in any great
detail .

So you' re goi ng to have | ar ge
uncertainties to what that danage rate is. VWhat
damage rate do you put i nto your safety anal ysis, your
next step? The worst case scenari 0? | recogni ze what
you' re doing in cracking.

But 1'mtal ki ng about, for instance boric
acid corrosion because it worries nme -- well, it

concerns ne that we can have one nozzle w th huge
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amount of boric acid corrosion and the very next
nozzle to it has got a crack but you have no boric
acid corrosion. As does your nethodol ogy predict that
di vergence of a response?

MR VH TE: Yes, we do cover this in
detail.

CHAI RVMAN FORD:  Ckay.

MR VWHITE: |It's not really part of the
FMEA. But to answer your question, we've | ooked very
careful ly at the pl ant experience. There's been about
55 | eaki ng CRDMnozzl es. There's been 55 | eaki ng CRDM
nozzl es. There's been other | eaki ng nozzles in other
| ocati ons.

Look carefully at this experience and
carefully at the Davi s- Besse experience where you do
have the large cavity and look -- and try to explain
the reasons for the difference and factor that into
our nodeling and our eval uations.

The main -- our best understandi ng of the
main difference is the |l eak rate that occurred. And
at the typical leak rate that's seen at nost of these
55 | eakers has been very |low |l eak rates signified by
smal | anobunts of deposits.

For Davi s-Besse, there is an extensive

root cause evaluation report that was done by the
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utility. The best estimate is that the | eak rate was
upwar ds of .15 gall ons per m nute near the end of that
pr ocess.

When we | ook at heat transfer
cal cul ations, that .15 gall ons per mnute is enoughto
cool the local area all the way down towards
saturation tenperature at at nospheric pressure. So we
know that there's -- once you have that high |eak
rate, then there's the potential there for extensive
| ocal cooling, which allows liquid to exist al
t hr ough the annulus and even on top of the head.

CHAI RVAN  FORD: And there's data to
support that?

MR VWH TE: Yes.

CHAI RVAN FORD: Thi s expansi on cooling?
There's data to support the -- | realize you can do
t he anal yses and the suns. But there is data to
support the conclusions? Yes?

VI CE CHAI RVAN S| EBER: well all these
| eaks are progressive kinds of things. You start out
with averytiny leak inthe geonetry and tenperatures
are insufficient to create the chemstry along with
oxygen to cause the corrosion.

And then you get finally, through an

erosion or erosive nmechanism you finally get to a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

59

geonetry where corrosion takes over and then
everything goes pretty fast after that. Fast being
neasured in years. But it's still pretty fast.

MEMBER RANSOM Wel |, that's a good poi nt,
Jack. It seened like there is one other fact, which
is the initial geonetry.

VI CE CHAl RVAN S| EBER:  Yes.

MEMBER RANSOM  You know | i ke Davi s- Besse,
it occurred up on top of the head and where it
clearly, after you eroded a little away, you could
retain, you know, the concentrated boric acid which
t hen accel erated the corrosion

And now | wonder if there are ot her pl aces
on a reactor geonetry where a |leak would actually
result in a pool of boric acid that can concentrate?

VI CE CHAI RVAN SI EBER: | think that coul d
occur anyplace on the curvature of the head.

MR, MATTHEWS: Vell, any horizontal
surface or --

VI CE CHAIRVAN SIEBER: It's just going to
change the rate at which --

MR MATTHEWS: -- or near horizontal.

VI CE CHAI RVMAN SIEBER:  -- it happens.

VEMBER RANSOM Is that a factor that

should be considered in looking for this kind of
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t hi ng?

MR. MATTHEWS: Yes. | think that's one of
the things that we do | ook at in our wal k downs and
everyt hing el se.

The primary questions that we have if
penetrating a horizontal surfaceisthereactor vessel
hit. Alot of the others are on the bottom But you
can get wastage there, too, if the | eak rate gets high
enough.

Dr. Ford, we've used all of his tine and
we haven't gotten to the chart.

CHAI RVAN FORD: | recogni ze that.

MEMBER WALLI S: But can | ask a question?
Ef fl uence has no effect on any of this cracking?

VI CE CHAl RVAN S| EBER:  No.

MR. MATTHEWS: No, nost of this stuff is
into the very, very --

MEMBER WALLIS: Because there's so nuch
water -- so nuch water --

MR, MATTHEWS:  Yes.

MEMBER WALLI'S:  -- between the vessel --
the head and the core, is that what it is?

MR. MATTHEWS: Yes, it's far enough away
that the effluence is going to be very | ow

MEMBER WALLI S: Just -- it has been
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eval uat ed then?

VI CE CHAI RVAN SI EBER:  Yes.

MR MATTHEWS: | don't know that we did
effl uence cal cul ations there as part of our work.

MEMBER WALLI'S: So that there's no effect
of the nuclear environment on this at all?

MR. MATTHEWS: | don't think so. Did you
guys cone up with that in the FMEA? | don't believe
there is.

MEMBER KRESS: | want to ask another
guestion about this flow rate as the indicator of
whet her you go to Davi s-Besse or not, it appears to ne
like if you have that high of a flowrate cooling the
top part of that head enough to all ow a pool of water
to exist, that the tenperature is such that the rate
of wastage ought to be very | ow.

MR. MATTHEWS: No, the wastage tends to be
very high right at the boiling point of the water
because you get this extreme concentration of the
boric acid in an oxygenated environnent.

VI CE CHAI RMAN SI EBER:  Ri ght.

MR. MATTHEWS: And so you' re going from--
all the way to 22,000 PPMor nore, right at the netal
surface as this water boils over.

MEMBER KRESS: How do you concentrate the
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boric acid at the boiling point of water?

VI CE CHAI RVAN SI EBER:  You boil off the
wat er .

MR. MATTHEWS: Well, you're boiling off
the water and | eaving the acid.

MEMBER KRESS: You don't -- you're tal king
about atnospheric pressure boiling?

MR MATTHEWS:  Yes.

MEMBER KRESS: Mbstly the boric acid goes
with the steamthen. And doesn't concentrate.

MR. MATTHEWS: There is some carry over
but there's certainly sone |eft behind, too.

MR VWHTE: Volatility islimted to ten
percent .

MEMBER KRESS: Yes, | would worry about
t hat anal ysis. | think it's harder, very hard to
concentrate boric acid at atnospheric boiling of
wat er . I think you concentrate it at higher
pressures. O the --

MR WHTE: Well, certainly sone of the
wast age events that have taken place back in Florida
at Turkey Point, you' re dri ppi ng water onto hot netal .
And as it goes fromliquid to vapor, it | eaves behind
a very concentrated situation that erodes the head.

VI CE CHAI RVAN SIEBER:  That's right.
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MEMBER KRESS: Well, | need to --

VI CE CHAI RMAN SI EBER O t o car bon st eel .

MEMBER KRESS: -- look at the -- | need to
| ook at ny activity coefficientsinchemstryalittle
closer. But it's been ny i npression that | owpressure
boiling of water to steam carries nost of the boric
acid with it. And it doesn't concentrate in the
l'iquid phase.

MR VWHTE: | believe the volatility is
[imted to ten percent of --

MEMBER WALLIS: Well, it takes the oxygen
withit, too, so you' ve got to | ook at howt he oxygen
gets to the surface.

MEMBER KRESS: Anyway, | worry about that
Siegel criteria alittle bit for Davis-Besse.

CHAI RVAN FORD: Now what is your plan
here? You've got three nore talks.

MR MATTHEWS: |'Il cut mne short.

CHAI RVAN FORD:  Ckay.

MR, MATTHEWS: But | think you want to
hear this chart.

CHAl RVAN FORD: Yes, | think so.

MR. MATTHEWS: And then Pete's work on the
PFM

CHAl RMAN FORD: Wll, so far it's all
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words. |'d like to see sonmething --

MR. MATTHEWS: Yes, put the chart up. Go
to the chart.

MR WH TE: Okay. We'll skip ahead. This
just shows the different flaw geonetries. And then
here is the chart. W've already talked alittle bit
about it.

We have -- the yellow color signifies
fabrication-type issue.

MEMBER WALLI S: Now each one of these
boxes refers to equation so and so, which is how you
cal cul ate these things?

MR VWH TE: No.

MEMBER WALLIS: It doesn't? Well how do
you do it then.

MR WHITE: This is not intended to be an
event tree.

MEMBER WALLI S: But eventually it has to
be doesn't it?

MR VH TE: Wll, no, | think if we
understand -- we understand it quantitatively enough
so that we nodel the boundi ng events here.

MEMBER WALLI S: kay. So there is an
analytic tool used in the paths that matter, every

box.
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MR VWH TE: Yes, that's true.

MEMBER ROSEN: What are the circles with
t he al phabetic indications?

MR. MATTHEWS: Connection points.

VI CE CHAI RMAN SI EBER  Ri ght.

MEMBER ROSEN: So -- but --

MR MATTHEWS: A goes to A, B goes to B.

MEMBER ROSEN: Ckay. So | have to find --
you have to find the other one?

MR MATTHEWS: Yes. It's a puzzle.

MR. WH TE: Except we do have a tabl e that
hel ps connect everything.

VI CE CHAI RVAN SI EBER: | f you didn't have
t hose, that chart would be as big as this room

MR WH TE: And we'll -- why don't we nove
ahead towards the exanpl e.

VI CE CHAl RVAN SI EBER  Yes, okay.

MEMBER RANSOM | wonder, are there
consequences of these boxes on the right at the top
| evel that don't seemto |l ead to anything |Iike prevent
control rod drop, damage to fuel pins, damage to
bottomreactor vessel. | nean sone of those are kind
of obvi ous that they may not relieve t he consequences.

But Iike failure for control rods to drop

nmust lead to an atlas or sonething.
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MR. WHI TE: For a single control rod drop,
that's an anal yzed event.

VI CE CHAI RMVAN SI EBER  Yes.

MR WHITE: So that's within the design
basi s of the plant.

VI CE CHAI RVAN SI EBER: And it's not
particularly significant either.

MR. VH TE: But we have a box of prevent
mul tiple control rod drops and that does | ead to core
damage.

VI CE CHAl RVAN SI EBER Wl | --

MR VH TE: So that is specifically
covered i n the consequenti al damage part of our report
where we | ook at postul ating event with nultiple rods
not droppi ng.

MEMBER ROSEN: Okay so this prevent
control rod drop is nore |ike the single control one?

MR VWH TE: Yes.

MEMBER ROSEN: Failure to insert one
control rod you nean?

VI CE CHAI RMVAN SI EBER  Yes.

MEMBER ROSEN: It can be read anot her way,
which is the plant is designed to withstand and, in
fact, preventing multiple control rod drops is called

the scramif you read it the other way. You see what
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|"msaying. It's just alittle ambi guous | anguage in
t hat red bl ock.

MR WHITE: Ckay. This slide here just
goes over the different colors that are in the chart
at fabrication plant operation, in the aging
degr adati on nodes, | eakage, wast age, | oose parts. And
there are captured | oose parts and rel eased parts.
And then the actual events. So that's how we
systematically categorize everything.

We used different colors for the different
failure paths. Red is reserved for those failure
paths that we conclude are not credible based on a
rel atively high bar of evaluations.

MR. MATTHEWS: That's paths, not boxes,
it's the path. If the arrowis red --

MR, VWHI TE: Right. And then the other
failure paths we either categorized as not actionabl e
or actionable. Not actionable nmeans that this
condition cannot be reliably detected. And,
therefore, this failure path mnmust be caught at a
hi gher level in the chart.

And the green failure paths are
actionable, nmeaning that the inspections that are
requi red are designed to catch the process at those

poi nt s.
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MEMBER WALLI S: The col oring i s backwards,

isn't it? | mean you want to say green for okay. And
red for bad. G een should be not credible.

MEMBER BONACA: These are not stop |ights.

MEMBER WALLI'S: It woul d be a good i dea to
go through the exanpl e then.

MR VWH TE: Yes.

CHAl RVAN FORD: Skip to the exanple.

MEMBER WALLI S: But t he way we t hi nk about
greens and reds in ternms of the --

MR VWH TE: So the other chart --

MEMBER BONACA: Just reevaluate your
t hi nki ng.

MR WHTE: -- is the exanple. And this
is grayed out everything that's not in the exanple
path. So we still have material there but it's not
bei ng hi ghlighted. And then we'll go through the four
slides here -- or three slides to show the failure
pat h.

What we assumed here is cracking that's
occurring in the Al oy 600 nozzl e tube. And what sort
of process. W know because of all these nozzles are
installed with the J-groove weld, so we know that
there are high stresses. W knowthat it's All oy 600.

We know t hat we have hi gh tenperature water. So we're

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

69

basically susceptible to this type of degradati on.

But there are factors that can accelerate
the tine that initiation occurs at. And |'ve
hi ghlighted here a couple possibilities. One is
nozzl e roll straightening during material processing.

So you can inmagine that perhaps sone
stresses, sone residual stresses areintroducedinthe
mat eri al as part of the nozzl e manufacturing process.

MEMBER WALLI S: Well, this is an exanple.
Did you put nunbers on these boxes in sone way?

VI CE CHAl RVAN S| EBER:  Yes.

MR VWH TE: Well, there's no -- we don't
have ways of quantifying alot of these fabrication --

MEMBER WALLIS: So why do it?

MR VWH TE: [Is we want to understand what
t hi ngs can nake things --

MEMBER KRESS: Usually in an FMEA, what
t hey do i s tal k about hi gh, nedium | owprobabilities,
or non-credi bl e. And take expert opinions rather than
put nunbers on them

MEMBER WALLIS: But | think -- was it Lord
Kelvin said if you don't put nunbers on it, you don't
understand it?

MEMBER KRESS: Well, they have sort of a

range of nunbers of probabilities in mnd with these
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hi gh, mediunms, and lows. But they'realot -- thisis
a loose kind of PRA. It's not as quantitative as a
nor mal PRA.

VI CE CHAI RVAN SIEBER:  You can't really
draw fromthis that if you cold work a nozzle, that
sooner or later you may have to blow the sirens,
right?

MEMBER WALLI S: s what Dr. Kress is
saying -- is that in fact how you have done this?
mean |'m | ooking at, for instance, just follow ng
surface cool ed work.

And going up the tree to crack growh
rate, we know fromoperating experience that you can
increase the cracking susceptibility in ternms of
growh rates by a factor of 10, a factor of 100, al
ot her things being equal just fromthat one thing.

So how do you put that observed fact into
this decision? Is it surface cooled work and you say
.9 going one way and .1 going the other way? O .99
goi ng one way?

VI CE CHAI RVAN SIEBER  He just told you

MR WH TE: Well, and then we have these
classified as blue, nmeaning that we can't do anyt hi ng
about the fabrication conditions that's in the plant.

MEMBER WALLIS: Ch, ny sainted aunt.
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MR. WHI TE: That's history. So what we do

is we want to nmake sure that our inspection is up
above that catch the cracking are -- consi der that the
timng of those inspections are being done often
enough so that we're making sure that we account for
the possibility of these other factors.

Ckay, so then the quantitative nodels,
like we're going to hear from Pete Riccardella, and
t hose nodel s we want to make sure that they consider
t hese factors down here. So this is a way to keep on
top of all these different possibilities.

MEMBER ROSEN: So let nme be sure |
understand. Now Peter told me that a factor of ten
col d wor ki ng coul d i ncrease the |i kel i hood of cracki ng
by a factor of ten. As a PRA guy, | would say that's
a .9 split fraction one way. And .1 the other.

But you say no, we're going to put a one
on there, 1.0 --

MR VH TE: No, no.

MEMBER ROSEN: -- if you use -- cold work
t hese machines, these tubes, and you do, if you
fabricate them you cold work them That's a factor
of one.

So these, infact, doingit that way makes

it conservative. It makes the answer conservative |
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think. Alittle bit. Not inthat case but naybe nore
i n others.

MR. WHI TE: Well, | can be specific about
t he col d working. W recogni ze that that's an issue.
We've witten up the relevant | aboratory studies in
this docunent. But then we say well which of the
nozzl es that we' ve | ooked at for plant experi ence have
been col d wor ked?

Well, we know that all of these nozzles
are of such dinmensions that they had to be nachi ned.
And we know, in fact, they were nachined to fina
di mensi ons. So they all have col d working before the
wel di ng process. And we know that that's a bad
condi ti on.

So then we go and eval uate the i nspection
results and come up with statistical curves for our
nodel i ng efforts, then we knowthat we're considering
that factor appropriately.

CHAI RVAN  FORD: You know it would be
trenmendously useful once the staff have had their go
at this, if we get involved so we can understand sone
of your rationale, both qualitative and quantitative
rational es for going over this tree.

Let's nove on

VI CE CHAI RVAN Sl EBER: The inspection
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process lies around Level 7 or Level 8. And if you do
t he i nspections at the right rate and well enough, you
never go any higher on this chart than that.

And so that's really the point of doing
all of thisis to say if | don't do anything at all
for along period of time, here are sonme of the things
t hat coul d happen.

But | don't want a |l ot of those things to
happen so I've got to stop the process, the
degradati on process somewhere al ong the |ine where
can do somnet hing about it.

And so that's where you put in your
i nspections and so forth. And that's the way |
interpret rather thantry to be real rigorous about it
and say if | don't do anything, which would be a bad
nove, then |' mgoing to have this kind of an acci dent.

And | don't think that's what they're
trying to show

MR. MATTHEWS: And it really wasn't put
together to be a full-blown risk assessnent all the
way to the top give nothing happening. | nean it was
put together to hel p us nmake sure that the i nspection
regi me that we conme up with covers all of the possible
degradati on nechani sns that we know about that are

credibly.
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VI CE CHAI RVAN SI EBER: R ght.

CHAl RVAN FORD:  Ckay.

MR WH TE: Al right so if we just nove
on up to we've now assunmed that we've initiated a
flaw. Here we're |l ooking at an ODflaw, axial flawin
t he nozzle.

And so if | just quickly come out to -- so
this would be a flaw Li ke this one here. There
woul d be a nozzle going up. So once it goes through
the well zone and up to the annul us that we woul d have
| eakage occurring to the annul us.

And now that flaw can continue to grow
upwards either by a like a stress corrosion cracking
as the growm h mechani smin this case. And potentially
for coal escence with any exi sting fabrication defects
for exanple. It would have to increase the effect of
crack growth rate.

And t hen -- and now we nove, once we reach
the top of the weld, then we would have |[eakage
occurri ng.

MEMBER ROSEN: Why don't you use the | aser
poi nter so you can go up and down.

MR WH TE: Ckay, so that crack grow ng
t hrough t he wel d zone, reaching the top of the annul us

produces | eakage. And then that | eakage, if that | eak
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rate increases, you can have wastage concerns. So
that's covered in this area of the chart.

VI CE CHAI RVMAN SI EBER: R ght.

MR. WHI TE: But here we're | ooking at the
possi bility of nozzle ejection so we woul d nove -- we
can nove intoinitiation of or branchingtoan ODcirc
crack about the weld. So now we've created this
wetting environment on the OD of the nozzle.

And so we could have branching or
initiation of a new crack with the circunferenti al
geonetry. And if that circunferential crack grewto
greater than about 95 percent of the wall cross
section, then we woul d have t he nozzl e ej ecti on event
occurri ng.

MEMBER ROSEN:  Now | under st and your poi nt
about using this in a systemway rather than as a PRA
way. But once you've reduced it to the five or six
bl ocks, it seens very easy to ask your experts what's
the likelihood, given an RPV head | eak, that we will
have initiation of or branching to OD circ cracks.

And they will | ook at your data and so oh,
it's about athird, oneinthree. And you can easily
put that on the chart.

MR. MATTHEWS: And | think Pete's work

tries to conservatively bound this growth, circ flaw
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growm h up through nozzle ejection, it tries to bound
that in a probabilistic fracture nechanics nethod.

MEMBER ROSEN:  Using the kind of |ogic
just used, for exanple, there?

MR. MATTHEWS: Some of that is back up
t here.

MEMBER ROSEN:  See, | woul d believe that
as long as it was presented in a way that you took ne
t hrough the steps and said here's why we think that.
We think it's one inthree if you are at this branch
point. And here's why.

And 1'd think about that with you for a

whil e and conme to a conclusion of my own. | could put
a different nunber next to it if | thought it was
di fferent.

But at the end, you could tell me here's
the likelihood of nozzle ejection. And | can say,
yes, | think you're a little high, you know, maybe
you're alittle |ow

But it would be a way of thinking about
this in rational terns.

MR. MATTHEWS: And that's the point of the
PFM work. And we do get into benchmarki ng network
against the field data also with circ flaws and

| eakage.
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MEMBER ROSEN:  Well, what I'mtrying to

say i s don't shy away fromit even though | understand
it wasn't its principal purpose.

MR MATTHEWS: Yes, okay.

MEMBER WALLI S: When you talk about
gromh, | nean a fl awdoesn't | eak unl ess it opens up.
So there's got to be -- growing is not just grow ng of
aflaw. It's got to open up sone. | don't see the
openi ng up process in here.

MR WHTE: Well, | nmean if you have a
crack that's comrunicating to the annulus, then you
have sonme potential for sone water nol ecul es woul d be
expected to go there.

MEMBER WALLI S: There's a different
between a flaw growing in a material and sonething
actually opening that flaw up so that it becones a
flowpath. There's something -- it's not just grow ng
of an infinitesimally thick flaw. That would be an
openi ng up of that.

MEMBER RANSOM  Ri ght .

MEMBER WALLI S: O is it all just
m croscopic sort of flaw stage you' re | ooking at?

MR VH TE: well, we're, | guess,
conservatively assum ng that you woul d have | eakage

occurring as soon as you have that | eak path reaching
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t he annul us.

MEMBER SHACK: That opening that you get
is a function of the crack Iline. | nmean that's
somet hing that you conpute fromthe crack line. It
nmust be cal cul at ed.

MEMBER WALLI S: It must be cal cul at ed.
The crack opening nust be part of this flaw growh
anal ysi s.

MR WHTE: And it is.

MEMBER WALLI S: It is? Because that
wasn't clear tone. So | wanted to nake sure that is.

CHAI RVAN FORD: Coul d | make a suggesti on
just because of tine here? Some of these questions

m ght be answered by Pete Riccardella. Mybe, maybe

not .

Could we try to bring this one to a cl ose
by --

MR VWHTE: 1'Il finish up

CHAl RMAN FORD: -- say ten o'clock and

then get into Pete's?

MR VWHI TE: | can finish up right now
actual ly.

MR, MATTHEWS: Last one.

MR VWHTE: So this is the last slide.

Once we reach nozzl e ej ecti on, nowwe i nmedi at el y have
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a |l oss of cool ant acci dent.

And dependi ng on whether or not there is
sonething in the nozzle or not or for the particular
plant, it would be classified either as a small break
LOCA or nedi um break LOCA.

And then there's the potential concern for
consequential damge because now we have a jet
i npi ngi ng on other nozzles. We have the housing
that's been | et |oose.

And so there's potential for other --
damage to ot her conponents. And that's -- so there's
a separate evaluation on that.

And those things flow upwards to the
nucl ear safety concern of core damage. GCenerally we
don't have a large early rel ease concern, separate
from core damage, because these conponents don't --
these types of failures would not conprom se the
cont ai nnent bui | di ng functi on.

MEMBER WALLIS: Just to |look at the big
pi cture here, we | ook at Level 7 here, there are |lots
of paths to go from the bottom to the top w thout
passi ng through RPV head | eak. So the nmessage | get
fromall this is you' ve got to be darn sure that you
can detect those other parts, right?

At Level 7, there are lots of |ines that
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go through Level 7 w thout passing through the box
cal l ed RPV head | eak.

MR VWH TE: Yes.

MEMBER WALLIS: So you' ve got to be darn
sure that your inspection techniques can get these
ot her pat hs.

MR MATTHEWS: Ri ght.

MEMBER WALLI S: That's the big nessage
get fromthis apart fromall the other stuff.

MR MATTHEWS: That's right.

Well, we've seen, and we carefully go
t hrough the plant experience, which strongly shows
that you woul d expect | eakage to occur before you'd
have a break. But we're not relying on that.

And hence the non-visual ND inspections
are an inportant part of the evaluations.

MEMBER BONACA: Wiy do you need to go at
all above Failure Level 3? | nean it seens to nme al
you are focusing on is to prevent nozzle ejections.

MR, VWH TE: Because we want to try to
cal cul ate the i npact on the core damage frequency so
we have an i dea of what sort of inpact this has on the
nucl ear safety question.

MEMBER KRESS: | woul d assune that those

red boxes of LOCA and core danmage and |arge early
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rel ease have already been done in PRAs, the
condi tional .

G ven you have a small break LOCA or
medi um break LOCA, you have the conditional core
damage, the conditional containment failure. And
t hose exi st al ready.

MR VWH TE: R ght. So we've got work --

MEMBER KRESS: You just plug those in
sonmehow.

MR. WVHI TE: That's right. W' ve done work
showi ng that those are bounding events for the RCS
pi ping breaks. And they can be applied to the top
head | ocati on.

And so what we're -- and Pete Riccardella
will tal k about howhe cal culates theinitiating event
f requency.

And then we can use the conditional core
damage probabilities that have al ready been devel oped.

MR.  MATTHEWS: And the purpose of the
consequenti al damage bl ock was t o make sure that there
was nothing going on with this particular failure
| ocation that woul d nake the conditional core danage
probability of the small break LOCA worse --

MEMBER KRESS: Worse than it woul d have

been --
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VR. MATTHEWS: -- for this location than

for the pipe break.

MEMBER KRESS: -- worse than it woul d have
been ot herw se.

MR. MATTHEWS: And that's -- nost of that
work is done in your PRA space. And we just take that
and plug it in.

MEMBER KRESS: Now tell nme once again, |
forgot the nunber what was t he react or pressure vessel
head | eakage rate that you said could | ead to a Davi s-
Besse. | forgot what the nunber was.

VI CE CHAl RVAN S| EBER:  21.

MR WH TE: .15 gallons per mnute.

VEMBER KRESS: .15? What the units on
t hat ?

MR VWH TE: Gallons per mnute.

VI CE CHAI RVMAN SI EBER: Wl |, that's what
t hey estimated Davi s-Besse to be.

MR VWH TE: Right.

MEMBER KRESS: And that's based on the
cooling required to keep the head --

MR. WHI TE: Well, that was t he Davi s- Besse
experi ence. And we've done cal cul ati ons that show on
the order of .1 gallons per mnute is requiredto give

you enough cooling to support a liquid pool or a
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turbulent rewetting on the top of that.

CHAI RVAN FORD: Okay. What |1'd like to do
isl'dliketo finishyour presentation at ten o' cl ock
and then we'll take a break --

MR. MATTHEWS: You want to take the break
early and then start on Pete's.

CHAI RVAN FORD: -- at ten o' clock so that
Pete's not --

MR. WHI TE: [Interrupted.

CHAI RMAN FORD: -- interrupted. Okay, so
maybe you cone to a close here, den?

MR VWHTE: | think I'mfinished.

MEMBER KRESS: There you go.

MEMBER WALLIS: Well, | do hope we get to
sonmet hing quantitative because all of this is very
qualitative so far.

CHAI RVAN FORD:  And what |' msuggestingis
that -- or maybe you coul d t hi nk about this duringthe
day, that once the staff have had their go at this,
t hen we have a quantitative gui dance this for both the
boric acid and for the cracking.

MEMBER BONACA: But | think for this, |
understand that | ogi c can be qualitative. | neanlike
a license renewal, | nmean you're |ooking for

susceptibility.
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And then you inplenment the problem You
don't measure exactly hownmuch suscepti bl e you have to
be to inplenent the problem

And so in this particular case, | don't
need to know exactly the amount of fabrication or
stress | have to deal with to decide to have an action
which is yes, that may be a part which is credible.

So | think this is valuable to ne as a
deci si on.

CHAI RVAN FORD: | think we'd all agree
that it's a very valuable approach. It's just a
qguestion of what is the uncertainty of outcome. And
that only comes by | ooking at data.

It's good to go through an exanpl e.

MEMBER BONACA: Met al | urgy, netal | urgy, |
mean - -

CHAI RVAN FORD: At this point, | amagoing
to recess. Cone back at 10: 15.

(Wher eupon, the foregoing matter went off
the record at 9:59 a. m and went back on the record at
10: 15 a. m)

CHAl RVAN FORD: We're back in session.

And we're going to hear now from Pete
Ri ccardella, Structural Integrity Associ ates.

Pet er.
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MR. RI CCARDELLA: Thank you.

| sure hope | can live up to the advanced
billing. I think on account of nmnmy nanme being
nmenti oned about a dozen tines so far this norning --

VI CE CHAI RMAN SI EBER: Maybe we got the
entire presentation.

MEMBER KRESS: That's the billy goat-
Ginch effect.

MR  RI CCARDELLA: I'm going to be
di scussing the probabilistic fracture nechanics
proj ect that we've been worki ng on si nce Sept enber of
2001, the objectives of which are to devel op a generic
net hodol ogy to determine probabilities of nozzle
| eakage and failure, which by failure | nean ejection
of a nozzle.

Then to apply that nethodology to a
sanpl i ng of USPWRs i n support of the safety assessnent
work that G en just described, and finally, use the
anal ysis technique to define an MRP inspection plan
that provides an acceptable level of quality and
safety.

The report has been submitted. It's MRP
105, and it was submtted to the NRC, | believe, in
about md-April.

A qui ck overview, a previewof the sunmary
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and conclusions of the talk. As | nentioned, a PFM
t ool has been devel oped to predict probabilities of
| eakage and failure.

MEMBER WALLI'S: | ask again the question
| asked before. | mean, does the PFMtool predict the
| eakage rate given that you' ve got a through-wall
crack?

MR. RI CCARDELLA: W nmke a conservative
assunption in that regard.

MEMBER WALLI S: Vell, it seenms to ne
i nportant because we know that you need to get a
certain |eakage rate before anything interesting
happens. So how does that |eakage rate develop is
i mportant.

MR RI CCARDELLA:  You know, if | could
defer that question until | get alittle further into
t he presentation.

MEMBER WALLI S:  Ckay, okay. You're going
to address that |later.

MR. Rl CCARDELLA: You'll see how we
addressed it.

MEMBER WALLI S:  Thank you.

MR. Rl CCARDELLA: Probably the nost
significant thing that 1'd like to discuss today is

t he benchmarking and calibration of the tool wth
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respect tothe plant i nspection data. That's probably
the one thing that | -- nost of the nethodol ogy |
presented here | ast spring, but this is the newthing
that we' ve done that | think is of great significance.

Then we wused that benchmark tool to
anal yze a sanpl e of operating plants, and we | ooked at
three inspection scenarios. W | ooked at the
i nspections exactly inaccordance with the current NRC
order, and then we |looked at two alternative
i nspection prograns that the MRP is considering.

To give you a quick review of the
concl usi ons, we concl uded t hat these three i nspection
cases yielded essentially the sane probabilities of
| eakage and failure; that these probabilities of
| eakage and failure are within generally accepted
[imts for those nunbers.

O course, as we know, there are
sensitivities and uncertainties in the analysis, and
we' ve | ooked at the sensitivity to the significant
paraneters in the analysis, but the specific
paraneters that we' ve chosen for the case studies are
benchmar ked, as | nmentioned, and the other thing is
that we're | ooking at this analysis in a conparative
basi s, and t hat reasonabl e changes i n t hese paraneters

woul d affect the results for all three inspection
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pl ant s.

So t he conparison should rermain valid for
reasonabl e ranges of these analytical paraneters.

W' ve al so nade determ ni stic crack growt h
predi ctions, and they denonstrate that the i nspection
intervals that we're comng up with on the PFM based
anal yses are conservative, and the MRP, as Larry
mentioned, is in the process of producing a
repl acenent for the prior MRP-75 docunent that wll
propose the MRP inspection plan, and the analyses
approach that I'mpresenting will be used to eval uate
t he proposed inspections.

MEMBER WALLI'S: Can | ask you about crack
growt h? Are these cracks the kind of cracks the kind
of cracks that go hi ggal ey-pi ggal ey all over the pl ace
or are they cracks that go sort of |ike a straight
cut?

MR. Rl CCARDELLA: They tend to be
i ntergranul ar branchi ng type.

MEMBER WALLI S:  So hi ggal ey-pi ggal ey. So
what you actual |y nean by crack growth i s sonme sort of
average or sonet hi ng?

MR. Rl CCARDELLA: Wll, it has been
neasured in experinents. | nean we're | ooking at --

MEMBER WALLIS: Well, howwould | relate
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that to a | eakage path? It's very different to have
a straight path and to have a higgal ey-pi ggal ey --

MR, Rl CCARDELLA: It's sonewhat of a
torque' s path.

MEMBER WALLI S:  Ckay.

MR Rl CCARDELLA: The elenents of the
analysis include a Monte Carlo based probabilistic
fraction nechani cs anal ysis. W' ve cal cul at ed appl i ed
stressintensity factors for circunferential cracksin
vari ous nozzle geonetries, various plant designs.

A significant portion of the analysis is
a Wi bull anal ysis of plant inspection data we've set
up to use as a predictive tool to predict thetineto
| eakage or significant cracking. It isn't just
| eakage we' re | ooking at, but it's any plant whi ch has
detected either cracking or | eakage is includedinthe
Wei bul | anal ysi s.

A statistical characterization of
| aboratory crack growmh rates is i ncluded. W have a
tool for looking at the effective inspections which
considers the inspection intervals, the type of
i nspection, and the probability of detection.

And | have a few slides where I'I| show,
as Larry nmentioned, the probability of detection and

how we' ve attenpted to correlate that with i nspection
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denonstration prograns.

And then finally we've done -- okay. The
nost inportant are the |last two bullets and the ones
I'm going to spend the npbst tinme on today, the
benchmarking and calibration of the nethod wth
respect to field inspection data and the case studies
and results of sone of these case studies.

MEMBER WALLI'S: The question of stress
intensity factors for the circunferential cracks. |If
you renenber back to the pipe cracking days when we
wer e doi ng sone neasur enent s of resi dual stress, there
was trenendous variation of data even for the same
classification of pipe and presumably because of
different weld heat inputs and things like that.

Have there been any neasured residual
stress profiles for these types of geonetry?

MR. RI CCARDELLA: Not on these specific
geonetries that I' maware of, but the nmethods that are
bei ng used have been denonstrat ed, you know, fromthe
pi ping programthat you tal ked about.

You know, we've taken neasurenents and
t hen done anal yses, and we' re usi ng t he sane anal ysi s
t echni que that was verified wi th experinentation back
t hen.

CHAl RMAN FORD: But as far as | know,
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t her e have been no anal yses done, fundanental anal yses
done to explain the scatter or the variance of the
observed residual stress profiles. So even though
you' re using the sane net hodol ogy, will you be goi ng
into how you tackle the inevitable fact that there
will be a range of residual stress profiles and

therefore, a range of applies stress intensity
factors?

MR. RI CCARDELLA: Well, | think that we'll
be covered by the benchmarking because we're
calibrating. W' ve benchmarked agai nst observances of
circ. cracks, and there have been, you know, a
signi ficant nunber of those.

CHAI RVAN FORD: So sone of the database,
observed database, you use for calibration of your
net hodol ogy, at what point do you then go off and do
it independently?

You can't use your benchmark data to then
go and show that you've got the right answer.
Qoviously it will be the right answer. You've force
fitted.

Do you understand what |'m sayi ng?

MR. RI CCARDELLA: Yeah. Well, we've set
up the analysis as best we could on a theoretical

basis. W' ve consi dered, you know, the basic el enents
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of crack initiation, crack growth, and then -- but in
any probabilistic analysis of this type, there are
al ways variables that can be adjusted that are
uncertain, and so then what we've done i s we've taken
t hat theoretical analysis technique and said, "Okay.
Let's evaluate howit did against the real behavior."

And we actual ly made sonme adjustnents in
sonme of those paranmeters to make it match as best we
coul d the data.

CHAI RVAN FORD: At what poi nt do you stop
maki ng adj ust nent s?

MR. RI CCARDELLA: Wwell, --

CHAI RVAN FORD: Somewher e al ong t he |i ne,
you can no longer fudge reality conpared wth
cal cul ati on.

MR. RI CCARDELLA: Well, | would say that
we st opped. W made these adjustnments based on
i nspection data through spring of 2003, and we have
had two out age seasons of inspections since then, and
t here have been no surprises that, you know, we've
used the nodel --

CHAI RMAN FORD: To readjust your --

MR. RI CCARDELLA: Yes. We haven't had to
go back and readjust yet.

CHAI RVAN FORD:  Ckay.
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PARTI CI PANTS:  Yes.

MR. RI CCARDELLA: Ckay?

CHAl RVAN FORD:  Ckay.

VI CE CHAI RVAN Sl EBER: The call for
fudging is mnimzed.

CHAI RVAN  FORD: Wll, or sharpening a
penci | .

MR. RI CCARDELLA: Ckay. As | nentioned,
it's a Monte Carl o PFM nodel, a tine dependent Monte
Carl o anal ysis schene. So each iteration or each
simulation in the analysis steps through a full 40
years of 60 years of plant operation and predicts the
probability of |eakage or nozzle versus tine for a
specific set of paraneters.

W have a series of determnistic
paraneters and a series of randomvari abl es. The nost
significant of the randomvariables are noted in the
second bul | et here, and because you have a head with
mul tiplenozzles, it's actually two nested Monte Carl o
dool oops (phonetic). |If we're analyzing a head that,
say, has 50 or 60 nozzles, we step through tine for
each nozzle fromzero to 40 years and predict crack
initiation, crack propagation and then we do it for
t he next nozzle and then for the next nozzle.

VEMBER WALLI S: Well, what's different
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about the nozzles?

MR. RI CCARDELLA: Oh, there are different
nozzl e angl es, therefore different stresses, and then
there's alsovariabilitiesinthe material properties.

MEMBER WALLI' S:  Tenperature?

MR. Rl CCARDELLA: Tenperature we've
treated as a randomvariable. So if --

MEMBER WALLI S: Do you know enough about
the material property variations between otherw se
i dentical nozzle?

MR. RI CCARDELLA: Yeah, we have data on
crack grow h rates based both on the nmean of a heat of
material. The testing that has been used, | think,
was 26 different heats of material, a total of 156
speci mens. So we have heat to heat variability as
well as within heat variability based on the test
dat a.

MEMBER WALLI'S:  So you have test data for
every batch of nozzl es.

MR. Rl CCARDELLA: Not for every batch, no,
no.

MEMBER WALLIS: Not for every batch. So
what do you do with the ones you don't have any test
data for?

MR. Rl CCARDELLA: Well, we assune that
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t hey' re bounded by the 26 heat --

PARTI Cl PANT: They cone out of that
popul ati on.

MR. RI CCARDELLA: They cone out of that
popul ati on.

MEMBER WALLI S: It's a pretty broad
popul ati on.

MR. RI CCARDELLA: Oh, yeah, it is. It's,
you know, data frommany different countries and many

di fferent | aboratories, and t he dat a has been r evi ewed

MEMBER WALLIS: Well, | thought heat was
one of the biggest variabl es here.

MR. RI CCARDELLA: Pardon ne?

MEMBER WALLI S: Heat i s one of the bi ggest
vari ables. You mght just happen to get a batch of
bad heats and --

CHAI RVAN FORD: But their argunent is, |
think, was it 26 heats?

MEMBER WALLI S:  Sonehow.

MEMBER ROSEN: But they do have a bad heat
in there, don't you? One is very bad.

VI CE CHAI RMAN SI EBER:  That's right.

MEMBER ROSEN: Can you i nagi ne t hat coul d

be worse? | guess you could, but --
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VI CE CHAI RVAN SI EBER: Wl |, it woul d have

| eaked by now were it worse.

MEMBER ROSEN:  You know, that data set was
conpil ed and reviewed by a panel of international
experts, and this is, you know, based on a report that
was published by that panel of experts, a report
publ i shed based on the opinions of that panel of
experts.

Al ot of data was actual ly renoved because
of uncertainties in the test conditions. There's a
termyou use for the data. It was --

PARTI Cl PANT:  Scr ubbed.

MEMBER ROSEN:  Scr ubbed.

CHAI RMVAN FORD: Could I ask a question?
Goi ng back, you nentioned that one of the prinme
geonetric variables is the angl e of attack, and | know
that a lot of work has been done about changes in
stress. Isit, therefore, arelatively small junp to
go to, for instance, a pressurizer nozzle? Are we not
taking a quantum junp in unknowns here? [Is that
correct?

MR.  RI CCARDELLA: Well, you know, the
physi cal geonetry of the pressurizer, they' re smaller
di ameter, thinner walled. The welds are different.

The wel ds are totally within the cladding. There's no
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direct weld in the pressurizer nozzles. The J-groove
weldis totally within the cladding. The claddingis
Al'l oy 600 or Alloy 82. So there are sone significant
di f f erences.

CHAI RVAN FORD: Well, the reason why |I'm
asking the question is, of course, we've nowgot this
whol e questi on about the pressurizer nozzles and the
bott omhead nozzl es and what are the ri sks associ at ed
with these new ones, an we have all of the work on
t hese vessel head penetrations.

Are you seeing another five years before
we have a net hodol ogy for --

VR. Rl CCARDELLA: Certainly t he
net hodol ogy that we've developed 1is directly
applicable to the pressurizers, but we would have to
rerun sone of the stress intensity factors and that
sort of thing.

MEMBER SHACK: Pete, why is the head
tenperature a randomvariable? | woul d have thought
that was one of the few things that we actually did
know.

MR. RI CCARDELLA: What it turns out, in
nost of the anal yses we set, in the analyses that |'m
basing the results on we set it as known. GCkay? But

it's in there as a random -- you know, we put it in
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there with a mean and a standard deviation of .001 in
t hose anal yses, but then | did |l ook at the sensitivity
of it. You know, | used the standard deviation of
five and --

MEMBER SHACK: Ckay. So you're really
| ooki ng at an uncertainty in the head tenperature.

MR. RI CCARDELLA: Yeah, and specifically,
you know, just sone data fromthe field. A couple of
plants have instrumented the nozzles to measure
t emper ature, and t he concl usi ons of those studi es were
that the nmean head tenperature is pretty consistent
with what we've expected, but that nozzle-to-nozzle
variation could be as nmuch as plus or mnus ten
degr ees.

MEMBER SHACK: OCh, which is quite
si gni ficant.

VI CE CHAI RVAN S| EBER: Because of the
cool i ng.

MR. Rl CCARDELLA: Wl |, yeah, because you
can get stream ng. You can get flow stream ng and
di fferences, and so we | ooked at that.

So we | ooked at that, and the concl usion
is that as | ong as your nean tenperature predictionis
pretty good, the effect on the probabilities of

| eakage and failure of that variability is not nuch
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because you have sonme nozzles are all faster and sone
nozzl es are slower, but on the average they cone out
about right.

MEMBER ROSEN: Isn't the one that we're
worried about the one that's faster?

MR. RI CCARDELLA: Yeah, but we're
predicting the probability of the one that's the
fastest. | nean, that's why we step -- that's why we
stepped through all of these nozzles as we do, and we
do, you know, hundreds of thousands of head
simul ations to predict that one or two nozzles that
| eak the fastest.

MEMBER WALLI S: When you quote head
tenmperatures, isthat the tenperature of the stainless
steel cladding or is that the tenperature on the
average across the field or what?

MR. MATTHEWS: |It's actually the cool ant.

MR. RI CCARDELLA: The fluidtenperaturein
the vicinity.

MEMBER WALLI'S: The fluid tenperature?

MR. RI CCARDELLA: Yeah.

MEMBER WALLI S: That's not at tenperature
at all.

MR, Rl CCARDELLA: No, but that's what

we've correlated all of the data with, is the fluid
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t emrper at ur e.

MEMBER WALLI S: But the tenperature of the
head is presumably not uniform

MR RI CCARDELLA: That's true.

VI CE CHAI RMAN SIEBER:  |t's not.

MR. RI CCARDELLA: That's why we treat it
as a random vari abl e.

MR. MATTHEWS: He neans uni form t hrough
t he thickness of the --

MR. RI CCARDELLA: Ch, no, oh, no. Yeah,
that's right, but we've just chosento calibrate or to
-- "calibrate" is the wong word -- to index all of
our | eakage and cracking data with respect to cool ant
t emper at ure.

MEMBER WALLI S: If it's the fluid
t enper at ure, okay.

MEMBER ROSEN: And that's the degree of
conservati sm because the head is not as hot as the
fluid.

MR. RI CCARDELLA: No, | wouldn't argue
that that's conservative because we're just taking --
you know, we're plotting the nunber of cracks whichis
somet hi ng. But we're looking enpirically at the
nunber of |eaks and the nunmber of cracks versus

sonething, and we've chosen to plot that versus
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cool ant tenperature.

If we plotted it versus head tenperature
we'd get a different curve.

VI CE CHAI RVAN SI EBER: And you don't
neasure head tenperature. You neasure cool ant
t enperat ure.

MR. RI CCARDELLA: Yeah. Well, you --

VICE CHAIRVAN SIEBER  It's reflected in
t he pH tenperature depending on the flow pattern.

MR. RI CCARDELLA: GCkay. So just stepping
t hrough, and again, the first few bullets on the
summary, |'mjust going to go through real quickly
because |'ve presented this before, we've perforned a
series of stress intensity factor calculations for
four different plant types |listed as Plants At hrough
D bel ow. W have a BWplant, a CE plant, and a coupl e
of different types of Westinghouse plants. W' ve done
several nozzles in these heads |ooking at different
nozzl e angl es ranging fromthe top head center nozzle
down to the steepest nozzles in any of the plants,
whi ch the steepest tend to be the worst in ternms of
predictions of nozzle ejection.

We've | ooked at different nozzle yield
strengths and the effect of material yield strength on

the calculations, and we've assuned conservatively
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that a circunferential crack follows the path of
maxi mumstress in the nozzl e, and one conservati smin
the analysis is that we've |ooked at the stress
intensity factor over the entire propagation |ength
from30 degrees to 300 degrees around the nozzle, and
we assune that if a crack exists based on our Wi bul
analysis of time to cracking, time to failure, we
conservatively assunme that we instantaneously have a
30 degree through wall circunferential crack. So we
take no credit for the tinme that it would take for
this meandering crack that you were tal king about to
either turn or produce enough | eakage to generate a
circ. crack, and then the circ. crack starts
propagating in around the circunference. W assume
i nstantaneously that if we predict a crack or a | eak
we' ve i nstant aneously got a 30 degree circunferenti al
crack.

VI CE CHAI RVAN SI EBER: | s t here any reason
why you ski pped Westinghouse three | oop plants?

MR. RI CCARDELLA: Just tolimt the nunber
of analyses we did. There wasn't that much --

VI CE CHAI RMAN SIEBER: | noticed in this
chart the highly susceptible plants, a lot of them
were three | oop Westinghouse plants.

MR. RI CCARDELLA: Actually nost of them
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were the B&W pl ants. Yeah, the ol der westinghouse
pl ants, because the newer four |oop plants tend to be
cold head. That's why. It has to do wth
temperature. There was no reason. There wasn't a
signi ficant enough difference between the two | oops
and the four loops that it really warranted goinginto
anal ysis of a three | oop.

MEMBER WALLIS: So you've got this crack
that is cut off, an as soon as it reaches the surface
it suddenly grows to 30 degrees?

MR. Rl CCARDELLA: Yeah. That's the
assunption we make. That's not what really happens.
We -- no.

MEMBER WALLIS: And what does the back
hand of the crack do? | nean, the crack is com ng
through material and it leaps to 30 on the surface.
VWhat does it do inside the material ?

MR. Rl CCARDELLA: Well, no, it leaps to 30

MEMBER WALLIS: Al the way around?

MR. RI CCARDELLA: -- all the way around.

MEMBER WALLIS: So it suddenly goes from
a thing like this or a wiggly-squiggly thing to a
sudden thing which is open?

MR. RI CCARDELLA: It turns and goes -- it
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branches and goes circunferentially.

MEMBER WALLIS: And it goes that all the
way t hrough.

MR. RI CCARDELLA: Al'l the way through the
t hi ckness.

MEMBER WALLIS: Al the way through the
t hi ckness.

MR. Rl CCARDELLA: So it becones a 30
degree through wall crack.

MEMBER WALLIS: Al the way, yeah

MR RI CCARDELLA: Above the well

MEMBER WALLI S: It's through over the
whol e 30s. It's through.

MR. RI CCARDELLA: Yes. And then we go
into the crack propagati on node. Now, if you | ook at
t he four plants we picked, and this m ght address your
guesti on, this is a plot of the geonetric
characteristics of the J groove weld that are
significant to residual stress. One of themis the
size of the weld, the average cross-sectional area of
the weld. CQbviously, the larger the weld in general,
t he higher the residual stresses you will get.

And we also looked at the ratio of
stresses, a cross-sectional area of the weld uphill to

downhill. Some of the plants were desi gned where the
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uphill weld is nmuch bigger than the downhill side of
the wel d, and in others the downhill was ruch bi gger
t han the other.

This is a plot of those geonetric
characteristics for essentially all of the plants that
are out there, and the red data points are the ones
for the nozzles that we analyzed, the four
characteristic plants and the nozzles that we
anal yzed.

So we' ve basi cal | y bounded al | of the data
as far as size of the nozzle, as far as uphill to
downhill ratio. The only thing that we didn't bound
was the smallest welds, which of course --

VMEMBER WALLI S: It | ooks very strange.
That C there is .3 or sonething. The other one is
two. There's a huge range, and this ratio --

MR. RI CCARDELLA: Yeah, sonetines the
uphill weld is twice the size of the downhill, and
sonetines it's vice versa. Yes, sir.

MEMBER WALLI S: Point, three? It's a
third of that?

MR. Rl CCARDELLA: Yeah.

MEMBER WALLIS: Is there sone rationale
for this extraordinary variation?

MR. RI CCARDELLA: No. That was, you know,
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ori gi nal design concepts. In general, what you'l
findis that all of the B&Wdesi gned or built heads ar
on one side of this and all of the CE designed and
built heads are on the other side of that ratio. It's
just the way the fabricators chose to lay out their
wel|l prep and nake the wel ds back 20, 25 years ago.

MEMBER WALLIS: It's only the ones that
are on the hill. The zero degrees are all uniform
presumabl y.

MR. RI CCARDELLA: Yeah, the zero degrees
are pretty uniform Just sone of them have bigger
wel ds than others, yeah. And it affects -- you know,

we make assunptions in our anal ysis about whet her the

crack is a downhill or an uphill side crack, and this
woul d affect whichis nore critical, a downhill or an
uphiI'l side crack.

kay. A key el enent of our nodel is our
Wei bull nodel of the plant data, and we started
constructing this Wi bull nodel two or three years ago
based on just |eakage data, but what we've done is
we've now considered that we've done a lot of
nonvi sual exans, and so we've taken into account the
pl ants where you' ve done a non-vi sual examand you' ve
found cracking, but not |eakage. So it's not just a

time to |leakage nodel; it's a time to |eakage or
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cr acki ng.

And al so we' ve taken out plants that have
only performed visual exam We've only included in
t hi s dat abase pl ants t hat have done nonvi sual NDE, and
that's a population of 30 plants, 14 of which had
| eaks or significant cracking. Fifteen wereinspected
and found to be clean and they were treated as
suspensions in the classic Wibull analysis.

One pl ant only perforned partial NDE, and
we i ncluded that in the analysis, but it was an early
i ght suspension. So it had no effect on the
anal ysis, and was nentioned, plants that perforned
only vi sual exam nations and were cl ean were excl uded
fromthe analysis.

This is a summary of all of the i nspection
results through spring of 2003, andit's the sane data
as the big plot that Larry handed out, but I like to
plot it in this formbecause it shows this paraneter
ef fective degradati on years that we use, which is the
equi val ent nunmber of years as if the pl ant operated at
600 degrees.

So on this scale here, | plot the actual
head operating tenperature, and then on this scale |
plot the effective tears at the head operating

tenperature, okay, basically the total years of
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oper ati on.

So if | plot the blue lines here, these
are lines of constant EDY. A plant that has operated
for five years at 600 degrees is, of course, five
EDYs. |If you take the five EDYs at 580 degrees takes
about 12 years, and to get to five EDYs at 560 degrees
takes 25 or 26 years or so.

So these are the | i nes of constant EDY and
t he data points are actual plant data. Every plant,
all 69 plants have performed at |east a visual
exam nation, and the code for the data points is shown
her e. Plants with leaks are the read triangles.
Pl ants that have done NDE and di scovered cracks but
no | eaks are the red squares shown here, and then now
we have got a nunber of plants that have perforned t he
NDE and were clean. Those are shown by the green
squares, and t he bal ance of the plants, the blue data
poi nts are plants that have perforned visual and were
cl ean.

In general, if you performa visual and
find the | eak, you automatically get into doi ng NDE.
So, you know, somne of those plants are includedinthe
data. |If they did visual and found a leak, that's
included in the Wibull analysis.

So the 30 data points that we've used in
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the analysis are just the green and the red points,
not the bl ue points.

MEMBER WALLIS: | presunme with the bl ues
t hat are above the 15 EDY is not going to do --

MR. Rl CCARDELLA: They already have.
Yeah, they're plotted twi ce soneti nes. Some of these
data points are plotted. |If they did a visual and
then they did an NDE, it's shown tw ce.

So, for exanple, -- | don't have an
exanpl e.

MEMBER WALLI S:  Then why aren't the data
poi nts on top of each other?

MR RI CCARDELLA: Well, they m ght have
done the follow ng itens.

MEMBER WALLIS: Different tines.

MR. RI CCARDELLA: They did a visual and
then the following outage they did a -- like this
m ght be one that did a visual, and then the fol |l ow ng
outage did an NDE.

MEMBER WALLI S: But the others couple
haven't done that, | nean, because they're so far
apart.

MR. RI CCARDELLA: Well, sone of them for
exanpl e, this one here, | happen to know the plant.

They just repl aced their head. They never di d an NDE.
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They repl aced the head. There have been a nunber of
pl ants that have been repl aced.

MEMBER WALLIS: That would explain it,
yes. Thank you.

MR MATTHEWS: And this data in spring
'03, ny chart is through spring '04. So there's been
another vyear's worth of volunetric and visual
i nspections sine this data used to set the nodel up.

MR. RI CCARDELLA: Yeah, you have to stop
sonmetimes and wite a report and get it done, and so
| drewthe Iine at spring of '03, and that's the data
t hat our nodel is based on

| have | ooked at updating the nodel for
the nore recent results, and nothing would have
changed the results.

This is a plot of the Weibull analysis.
This is plotted, a cunul ative probability of a |eak,
of at |east one leak in the plant versus EDYs. The
actual plant inspection datais shown by the bl ue data
points inthis chart. If youjust fit acurve to that
line, you would get a nuch steeper Wi bull sl ope. You
woul d get a slope of about four, four and a half.

The general consensus of the experts on
this top is that for a phenonena |ike PWSEE, the

maxi mum sl ope that you woul d expect to see is about
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three, and one of the things that occurred here is we
referredtoit inthe past as an inspectiontransient.
That is, inthe early days we weren't doing a | ot of
i nspections, and then we started doing nore and nore
i nspections, and by the time we did sone of these
i nspections, for exanple, MI|Istone did an i nspection
and they found three cracks, not one, three |eaking
nozzl es.

North Anna Il, when we did that
i nspection, they found it was at 20 EDYs, but they
found sone 16 nozzles with significant cracks or
| eaks.

So what we didis we extrapol ated t he dat a
back based on what was found, the nunber of cracked
nozzles found at the tine of inspection, to when we
woul d predict they had their first cracking, had they
been inspecting routinely all along the way.

MEMBER WALLI S: VWell, the reason that
these are all going off to the right nonotonically is
because you are plotting on the basis of EDY.

MR. RI CCARDELLA: Yeah, basically tine.

MEMBER WALLI S: So you're forcing the
curve to be nonotonic.

MR. RI CCARDELLA: Ch, yeah. that's the

standard Wi bul | approach of nunber of fail ures versus
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MEMBER WALLIS: It nmakes it | ook better.

MR, RI CCARDELLA: If | plotted this on
| i near paper, it would I ook Iike an S shaped curve.
It's plotted on Weibull paper. That's why.

MEMBER WALLI' S: This way you're forcingit
to | ook nice.

MR. RI CCARDELLA: Yeah. Well, no, I'm
just forcing it to be a straight Iine sothat | can do
a curve fit. I"ve got a plot later on in the
presentation that I1'll show where it's plotted on
i near paper. Ckay?

But the point I'mtrying to nake here is
that we didn't just fit the data. W have
extrapol ated the data back to when we woul d predict
the time of first cracking, and then we fit a curve to
t hat .

And, infact, that Weibull curve, the best
fit Wei bull curve that we put through there has a nean
or characteristic tinme to failure of about 15 EDY' s.
The time at which you' d predict 63 percent of the
plants wll have had at |east one leak, and it
ext rapol ates back, and even wi th our nodel, even -- we
predict eveninrelatively early in time in EDYs, you

have sone finite chance; at about four EDYs, you still
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have about a two percent change that a plant would
have a | eak by our nodel.

Now, the actual data breaks off of that
curve alittle bit inthe |owprobabilities or in the
| ow EDYs, but the nodel that we're using in our PFM
analysis is the straight |ine.

And then the other thing that we do is we
put an uncertainty band around that. And so we take
t he best fit curve and then we | ook at probability or
standard devi ati ons above and bel ow that best fit
curve.

| show this because this nean theta and
t he standard deviation, the variability in theta is
what we use, is one of the adjustnents we make i n our
calibration of the nodel.

MEMBER KRESS: How did you arrive at the
val ues for --

MR. Rl CCARDELLA: For the two dashed
i nes?

MEMBER KRESS: Are they based on the red
dat a?

MR. Rl CCARDELLA: Yeah.

MEMBER KRESS: (kay.

MR. RI CCARDELLA: They're just standard

statistical analysis of variability around the best
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fit line, yeah.

So that's our crack initiation nodel
really. It's an enpirical nodel based on inspection
data. | think I mssed sone stuff on the --

MEMBER WALLIS: |I'mtrying to figure this
out. | nmean, you're plotting accunul ati ve based on - -
you're already sorting by EDY. So this doesn't sort
of prove that EDY is the dom nant variable because
you've already sorted by EDY. Then you're plotting
cunul ati ve based on EDY. So you're forcing the data
to slide up and show this trend.

MR, RI CCARDELLA: It's just a Weibull

anal ysis of data, and | don't -- you know, it's --
MEMBER SHACK: It could have plotted
random vy. If EDY had no effect on this, you know,

you' d expect to see a shotgun.

MEMBER WALLI'S:  No, you woul dn't because
it's already sorted by EDY. It's forcing it to go up
to the right nonotonically.

MR. RI CCARDELLA: No, but all I'mplotting
is the failure points.

MEMBER WALLI S: But this showed, the first
curve, the one you just showed shows there's a
randommess. There's the variation around there.

MR, RI CCARDELLA: Yeah, but it al so shows
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that all of the |eaks were at 15 EDY.

MEMBER WALLI S: But when you do it by this
cunul ative, you're already sorting by EDY, and then
t hey have to have an upwards trend to the right trend
no matter what.

MR. RI CCARDELLA: Yes, they do.

MR MATTHEWS: If it wasn't correl ated
with EDY it wouldn't.

MEMBER WALLIS: Yes, it woul d.

MR. RI CCARDELLA: | nean, that curve has

about a 95 percent correlation coefficient, as |

recall. | mean, | think we --
MEMBER WALLI S: | guess we can discuss
this. | can discuss it with Bill Shack in private.

it seens to ne you're forcing the trend to be up and
to the right because of the way you're plotting
cunul ati ve.

MR MATTHEWS: Well, if it's a cunul ative
probability, that's --

MEMBER WALLIS: It has to doit. It has
to do that. That's right. It has to do that.

MR,  MATTHEWS: It's going to be an S
shaped curve or sonmething simlar to that.

MEMBER WALLIS: And if you had a random

variation with EDY, you'd still have that trend.
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Yes, thank you.

MEMBER ROSEN: How did you extrapol ate
back? It saidin this chart you knewthe tinme of EDY
at the detection of first | eakage or cracking and you
extrapol ated that back to, well, when they had the
first crack.

MR. RI CCARDELLA: Based on the nunber of
cracked or | eaking nozzl es that they di scovered at the
time. |In other words, a plant that goes in and does
an inspection and finds 11 | eaking nozzles is worse
than a plant that goes in and finds just one | eaking
nozzl e.

MEMBER ROSEN:. Right. So let's take the
one at 11. How did you figure out what EDY is at its
first?

MEMBER ROSEN: Wth a Weibull slope of
three, using a Weibull distribution for the tinme to
nozzle failureinthat particul ar head with a sl ope of
three, you can then extrapolate back in tine to the
nunmber of EDYs you predicated had its first |eak
Ckay?

And then you reshuffle all of the data
because, see, if you just |ook at the raw data, no
stone was the worst. It found three | eaks at just

around 11 EDYs. GCkay? O three cracks.
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MR. Rl CCARDELLA: Three cracks.

MEMBER ROSEN: |'msorry. Three cracks at
around 11 EDY. So it was the worst in the original
data, but nowif | take North Anna that had, | think,
16 | eaks at 20 EDY, it actually extrapol ates back to
be worse than M I stone. It extrapolates back to
essentially the same. They both extrapol ate back to

the first | eak at about seven EDYs. Ckay?

And interesting one is Davis-Besse. It
had about | think was it three or four cracked
nozzl es? | forget the nunber Three cracked nozzles

at around 19 EDYs. That extrapolates back to its
first crack at around ten EDYs, and that's somewhat
consi stent wi th, you know, the expectation that all of
that boric acid that built up over a |ong period of
time, it built up because that plant was | eaking for
some period of tine.

MR. MATTHEWS: | think you' d better get
sone results or we're going to run out of tine.

MR. RI CCARDELLA: Ckay.

CHAI RMAN FORD: Yeah, I'mjust trying to
work out here the timng here. 1'd like to finish
around about 12, quarter past 12, and not go nuch
beyond t hat because we've still got Al ex Mrion and

yourself. So | hate to do this to you, Peter
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MR. RI CCARDELLA: 1'mgoing to cut to the

chase.

CHAI RVAN  FORD: Could you try and
abbrevi at e?

MR. RI CCARDELLA: Yeah, | will. 1 wll.

Okay. Material crack growmh rate
statistics, | won't go into it at all other than to

say that, you know, it was based on a qualified --
that was the word I was | ooking for -- qualified data
set of 26 heats of material, 158 total data points.
Statistical distributions were devel oped for heat-to-
heat variation, as well as for variability of the
crack gromh rate within a heat, and this is sanpled
for BFM anal ysi s.

And when we do that, we assune it to be
correlated with the Wei bul | statistics for thetimeto
| eakage. That is, if we have a heater nmaterial that
has a very high crack growh rate, then the
expectation is that it probably was a bad actor from
t he standpoint of crack initiation.

And what we've done is we've correl ated
our selection of randomvari abl es, and we can put in
acorrelation factor intothe nodel. This is an input
tothe code. If we input Requal to zero, it assunes

that they'retotally uncorrelated. W' re picking two
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conpl etely separate random nunbers.

If we put in Requal to mnus .8, we get
sone correlation, .9, mnus .9, astrong correl ation.
One is that we assunme they're totally correl ated, and
that's the second parameter that you'll see that we
use in our benchmarking. W don't really know what
the degree of correlation is, and that's a second
paraneter that we use.

The paraneter i s negative because a short
time to | eakage corresponds to a high crack growh
rate. That's why we use a negative correl ation rather
than a positive correlation factor.

CHAI RVAN FORD: |'mnot going to help ny
case for pushing the time, but it's an i nportant one.
You are aware. You're tal king about crack growth rate
data. You are aware of sone relatively recent data
showi ng that you can get a factor of 30 increase in
the crack propagation rates --

MR RI CCARDELLA: Yeah.

CHAI RMAN FORD: -- in the zone right next
to the --

MR. RI CCARDELLA: | have a slide on that
that 1'Il  show later. | don't think that's

significant to ny analysis for a nunber of reasons.

CHAI RVAN FORD:  Ckay.
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MR Rl CCARDELLA: Ckay. One of the

reasons is that if you | ook at that particul ar set of
data, the base netal data point was a factor of 20
bel ow the MRP curve. So that the factor of 30
increase only took it to about one and a half above
t he MRP curve.

CHAI RVAN FORD: Well, that may be true,
but the physi cal fact is you have extrene
concentration adjacent to the affected zone, but if
you do t he crack propagation rate rather than the bul k
material --

MR. Rl CCARDELLA: Understand, in ny
propagati on nodel |I'massum ng a through wall crack.
This 30 degree crack | assuned is through the entire
nozzle wall. So only a small portion of that crack is
inthe heat affected zone. The nmjority of that crack
front is in the tube away fromthe weld.

CHAI RVAN  FORD: My sole purpose for
bringing it up is you know about it.

MR. RI CCARDELLA: | amaware, yeah. 1|'m
aware of that.

Ckay. This goes to a question that people
ask: how we sinulate the effect of inspections. |If
we do a bare netal visual exam we assune that you

have a POD, probability of detection, of only .6.
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Okay? Afairly conservative assunption, and that's on
the first exam On subsequent exans, we assumne that
i f you' ve done inspection of a nozzle that's |eaking
and you mssed it and you cone back and do a repeat
exam that you have a smaller -- we put a reduction
factor on that POD because there's sonething that may
be very difficult to detect in that nozzle.

CHAI RVAN FORD: Are there any data of team
performances to substantiate those POD val ues? Are
t hey just engineering --

MR. RI CCARDELLA: On the visual it was
just a judgnent that | think nost people feel was
pretty conservative.

MR. MATTHEWS: | think that just having
wat ched hours and hours of videotape, | think .6 is
very conservati ve.

MEMBER ROSEN: | ' ve wat ched a | ot of those
vi deot apes, too, Larry. | think, you know, if you're
using a crawler or sonething |like that, a nobdern
craw er, and you have a | eak, there's al nbst no chance
you're not going to see it if it has been | eaking for
a while.

So you know, | would argue that the .6 is
conservative as well, but |I would argue that you're

going the wong way with the second bullet, which is
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you say on the second inspection you only have a 12
percent chance of catching it if you mssed it. You
had a 60 percent chance of catching it the first tine.
The second ti me you | ook at that same nozzle, you only
have a 12 percent chance. There's something wong
w th that.

It seens to ne that you have at | east a 60
percent chance and maybe nore because it has | eaked
nore and it has got nore boric acid on it.

MR. RI CCARDELLA: But the assunption is
that it's very difficult to see, that it's in a hidden
area or --

MEMBER ROSEN: Yeah, but it's not any nore
difficult the second tine thanit was the first tine.
Technol ogy has noved ahead and you' ve had nor e | eakage
and there's probably nore boric acid on the head.

MR. RI CCARDELLA: You're probably right.
| understand that we had sonme -- part of this is to
address the North Anna situation where we had sone
nozzles with circ. cracks that had no evidence of
| eakage what soever. So we wanted to get in some
finite probability that you do a | eakage examand you
have sone serious cracki ng and you just don't di scover
it.

MEMBER ROSEN:  Yeah, for those cracks that
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haven't cone through the surface, that's right. For
bare metal visual you're not going to see it either
way, but for ones that have cone t hrough t he surface,
but there was only a little bit of boric acid, you
know, |ike the South Texas case where they got |ike an
aspirin size piece of boric acid, that's a pretty good
cat ch.

| mean, aspirinisn't very big, especially
when you're looking for it renotely, but the second
time you go through it, if it has | eaked an aspirin,
it mght have | eaked a whol e jar of aspirin the second
time.

MR. MATTHEWS: | think the presunption why
we put the .2 in there was for those cases that
perhaps you just can't find it, can't see it because
it's janmed up against the insulation or something
i ke that.

MEMBER ROSEN: | under st and your argunent.
| hope you understand m ne.

MR,  NMATTHEWS: But | think it's very
conservati ve.

MR. RI CCARDELLA: O al so, you know, the
possibility that you wote it off because you t hought
it was coming fromup above.

MEMBER SHACK: O there's just no |eak
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pat h.

VI CE CHAI RVAN Sl EBER: Well, that's
Beaver Valley's case. Three cracks, no | eaks.

MEMBER WALLI'S: That's just |ike Davis-
Besse didn't detect a | eak because, | nean, .6 is not
a very high probability of detecting a |eak.

MEMBER ROSEN: They didn't | ook what it
was | eaki ng.

MR. RI CCARDELLA: No, they | ooked.

VI CE CHAI RVAN SI EBER: | nean, | ook at the
air | ocked door.

MR. RI CCARDELLA: The NDE, we've picked a
POD curve which is a function of crack depth froma
prior EPRI report, but the curve that we use isn't
directly rel evant necessarily to these nozzles. Just
a generic POD curve for NDE, but on this plot here,
what | show is a conparison of that POD curve to
vendor denonstrations and by both of the vendors that
are doing the NDE on the plant right now These are
denmonstrati ons at the EPI NDE center on blind nock-ups
with cracks in them of different sizes, and what |
show is that this is the range of crack sizes that
were not detected in the vendor denonstrations.

This is the range of crack sizes that were

detected. Qur POD curve says that, for example, if
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the crack is a tenth of an inch deep in the tube that
you have about a 50 percent chance, 50 or 60 percent
chance of detection. Actually at that time, they
detected sonme and they didn't detect others. Ckay?

As we get up to large crack sizes
everything greater than about .15 or .16 inches was
detected, and at that crack size we're predicting
about a 75 percent probability of detection, and then
as we go up in size above that, we're predicting the
POD, probability of detection to get |arger, but we do
saturate out at about 95 percent.

So our PCD curve says that no natter how
big the crack you' ve got at l|least a five percent
chance that you're goingto mssit, that the NDEis
going to mss it.

Soit's not, you know, atotally rigorous
anal ysi s of POD, but it's just a conparison of the PCD
curve that we' re using to actual vendor denonstrations
in the inspection.

Ckay. So in our nodeling then, for every
nozzle we predict a tinme to cracking. At that point
intinme we predict a 30 degree crack. We growit in
accordance wth the crack growh curves, the
statistical variability of the crack growh curves,

but then at any point in tine, either in the
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initiation or the crack growm h process, we can i npose
one of these inspections, and the inspectionw || | ook
at that particular nozzle, and based on this POD
determ ne whether the crack is detected or not.

And so that's the answer to the question
t hat sonebody asked earlier, is how do we reduce the
probability of |eakage through inspection. If we do
an NDE, we discover a crack when it's only a tenth of
an inch or two-tenths of an inch deep. Then we assune
that that nozzle is repaired and that it no | onger
represents a possibility of |eakage or cracking.

Ckay. Now, when we get into the results,
we've run a series of tests. W've run a series of
base cases. W've run sensitivity studies to | ook at
the effect of the various paraneters on the anal ysis.
So I'mnot going to go into those at all.

| am going to go into the benchmarking
anal ysi s and t he case studi es that we' ve done with the
benchmar ked paraneters.

This is the curve perhaps that you were
asking for earlier. This is that sanme Weibull plot,
but plotted on |inear paper rather than probability or
rather than Wei bull paper and shows the effect of --
shows t he same 14 data points that | described earlier

and shows how our predictive nodel goes t hrough t hose.
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That's a pretty trivial case because all
we did was we took a Wei bull nodel. W set up a Monte
Carloroutineto simulate that Wei bull nodel, and t hen
show that, in fact, we can do that reasonably, and it
predicts the results.

But | showthis because then as | got into
further calibration, | wanted to nake sure that |
didn't screwup that Weibull nodel, and so t he dashed
curve is our actual calibrated curve.

The real essence of the benchmarki ng was
to see how well we do at predicting circunferential
crack data, and of the vessels out there that did
volumetric exans, we found a total of 11
circunferentially cracked nozzl es rangingin sizefrom
about 30 degrees, which is our initial assunption, up
to the 265 degree circ. cracks that were detected at
Cconee, and so this is the list of those plants --

MEMBER WALLIS: So Davis-Besse was the
m | dest crack of all?

MR Rl CCARDELLA: Circ. crack, yeah.
That's not the nozzle that led to the wastage.

MEMBER WALLIS: No, it can't be.

MR RI CCARDELLA: It's adifferent nozzle.

MEMBER WALLI S: It anot her nozzle. Ckay.

MR. Rl CCARDELLA: It was a different
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nozzle that had a long axial crack that led to the
wast age. We're not | ooking at wastage here. W're
| ooking at the possibility of ejecting a nozzle.

MEMBER SHACK: Pete, just a question.

MR, RI CCARDELLA: Yes.

MEMBER SHACK: Did you ever conpute the
nunber of | eaks? Now, you' ve computed a benchmark of
time to first | eak, but the actual nunmber of | eaking
nozzl es that you woul d have expected to find?

MR. RI CCARDELLA: Yeah, that --

VI CE CHAI RVMAN SIEBER: At a given tine.

MR. RI CCARDELLA: In a given plant or in
all plants?

MEMBER SHACK: Say in all plants, you
know, for the EDYs that you've got. You know, how
many | eaki ng nozzl es woul d you have expected to fi nd?

You're going to conpute how many
circunferential cracks you've found, but did you
actual ly conmpute the nunber of |eaking nozzles you
woul d have expected to find to find out if that
mat ches?

MR. RI CCARDELLA: You know, | computed it
because the program conputes both | eaks and fail ures
on a per nozzle basis, as well as on a per plant

basi s, per head basis. But | just haven't gone back
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and extrapol ated that and seen how that conpared.
That's a --

MEMBER SHACK: But every |eak becones a
circunferential crack.

MR. Rl CCARDELLA: I's assuned to be a
circunferential crack.

MEMBER SHACK: Whereas in experience
sonething like .2 of the leaks are circ. cracks.

MR RI CCARDELLA: That's right. That's
right.

MEMBER SHACK: And, in fact, | think
you'll see that in ny calibration. "1l show you
what. You can see that effect in my calibration plot.

Sothisisthecirc. crack data that we're
using to see how well the nodel does at predicting
crack growth. So what |'ve done with that datais to
break it, to put it into bins of 30 degree i ncrenents.
So there were four nozzles that had cracks in the 30
to 60 degree range. There was one in the 60 to 90,
down to the two that were in the 150 to 180.

Put that into acunul ative distribution of
nunmber of nozzles with cracks greater than 30 degrees
is 11, and so on. So there's a cunulative
di stribution of nunmber of circ. cracks of various

si zes, and a conveni ent thing about thisis virtually
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all of these cracks occurred at about 20 EDYs. They
were |ike sone were 18, sone were 21, but the average
was 20, and they were all very close to 20.

So that allowed nme to take the tine
el ement out of the calibration, and so what | didin
this benchmarking is to just | ook at what the program
predicts at 20 EDYs versus what we saw at 20 EDYs.
kay?

And it turns out there were a total of 881
nozzl es that were inspected at about 20 EDYs. Okay?
So | can conpute a frequency of circ. cracks of these
vari ous sizes, and these are the frequency
cal cul ati ons, just dividing the nunber of cracks by
881.

Interestingly, atrick | | earned fromthe
PRA guys that | was working with on anot her project
was that we've had no ejections. GCkay? And so you
can estimate the probability of a nozzle ejection
somewher e bet ween zero and one. Ckay? And you assune
auniform-- it's called an uninfornmed prior, | guess.

VI CECHAIRVAN SIEBER It's pretty tricky.

MEMBER SHACK: A strange, noninformative
prior.

MR. RI CCARDELLA: A noninformative prior.

So | used that as .5, and that would yield to a
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predictive probability of collapse of these 881
nozzles to about 5.6 tines ten to the mnus fourth.
kay?

O cour se, this all assunes no
i nspections. This is, you know, wi thout inspections.

So then | went through and ran ny nodel .
MRPERCRD i s t he software, the PFMsoftware that we're
using, and if | just picked the base case paraneters
that | started out with in the beginning, it turns out
| under predict sonmewhat, particularly for the |arge
cracks. |I'mpredicting a probability of a crack in
t he 150 to 180 degree range of about ninetines tento
the m nus fourth, when the actual observed frequency
was 2. 7times tento the mnus third, al nost nore than
a factor of two.

So then | said, "Well, what can | do?"
Well, | have nmy correlation factor, and | list here
what | changed as | went through these four cases, but
| just increased -- | nade nodifications to the input
paraneters, the two i nput paraneters beingthe Wi bull
theta, both the nean and the range of the Wi bull
theta, as well as the correlation factor between
initiation and grow h.

And you see the first thing | did was to

push that correlation factor up to m nus one. Assune
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that they are totally correlated, and that increased
it somewhat. That got me to 1.36, but it didn't quite
get ne where | wanted to be.

Then | used a nore conservative theta. |
put the nean tinme to failure down a couple of years
and increased the range on it, and that got ne right
-- that's this yellowed in box here, which is right
about where | want to be predicting 2.25 E to the
m nus three, for a probability of 165 or alarge circ.

crack versus the 2.27 actual.

And, again, I'mal so -- but note that when
| do that, and | think this is the conment that
sonebody had earlier -- I'mway over predicting the

nunber of 30 degree cracks. Okay? And | actually
show t hat graphically on the next chart.

So here is my base case paraneters.
Here's the actual data plotted on the probability of
a crack exceeding a certain size versus that size, and
then here's ny benchmark case, and of course, by
benchmar ki ng, what |'mreally nost concerned about is
the large 165 degree cracks. So that's what |
cal i brated agai nst.

But once | get that calibrated, you see
| " mover predicting the nunber of 30 degree cracks by

alargemargin, and | think that results directly from
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my assunption that any tinme | get a significant crack
or a leak, | have a 30 degree crack. | end up over
predicting on the small end.

So anyway, |'ve settled in on a set of
what | call benchmark paranmeters, and that's what |
use to go forward and anal yze the effect of --

MEMBER SHACK: But the other way to | ook
at that, Pete, is that you have to way over predict
t he nunmber of cracks that you have in order to get one
that |eaks two out there. So it says you're under
predicting the rate at which the cracks are grow ng.

MR, RI CCARDELLA: | guess. It says |'m
not perfectly nodeling this curve. |"m over
predicting in some areas, under predictingin others,
but |I guess if | had a -- the other thing is renmenber
we only have 11 data poi nts that we cal i brate agai nst.

MEMBER SHACK: When you're conparing a
popul ation with tone sanple, right. Things get a
little tricky.

MR. RI CCARDELLA: Ckay. So using the
benchmark parameters | perfornmed a series of anal yses
of actual plants. The plants naturally subdivide
t hensel ves i nto four groups. There's plants that have
repl aced or are replacing. | basically say upcomn ng

RFO, but 14 plants have already repl aced.
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Fifteen plants that have announced pl ans
to replace, but they still have one RFP between now
and when they replace. So there's still a decision
t hat has to be nade as to whet her they need to i nspect
or not.

W' ve got 17 plants in the NRC noderate
category with no replacenment plants announced, and
then we have 23 Westinghouse cold head plants. So
t hose are four groups.

| picked four actual plants, case study
plants, fromGoups 2, 3, and 4. Plants 1, obviously,
if they replaced they're no longer of interest at
| east until we have a 690 version of the nodel

And then we anal yzed each case fromthe
t hree i nspection scenarios. |Inspection fromthe NRC

order and then two exanpl e MRP i nspection plans, and

| sunmarize those here, but | have a nore detail ed
slide on those inspection plans that I'Il get into
| ater.

The case study plants shown here, there
are two CE plants, two Westinghouse plants. There
were different head tenperatures ranging from 595
592, 580, 567, and they're in different categories.
Most of themare in the noderate or in the case of the

cold head plant, it transitions fromlow to noderate
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at a certain point.

And then | |ooked at these inspection
scenari os. As | said, the first case we ran was
i nspections exactly in accordance with the NRC order.
Then | | ooked at two exanpl e inspection schenes, a
baseline NDE and periodic BW. Both of the two
exanpl e schenes assune that you do the baseline
i nspection and the periodic bare netal visual exans
exactly in accordance with the order

But the subsequent NDE schedule is
different. W |ooked at basing the NDE schedul e on
del ta EDYs, the nunmber of EDYs you accunul ate before
t he next inspection.

And we | ooked at if you do the inspection
scope, as with the NRC order, where you do 100 percent
of the nozzles, but you're not required to do any weld
exanms, we said that if you do that inspection which
set the frequency at two EDYs, but if you're willing
to inspect at |east 50 percent of the J groove weld
surface, then we try to set up an incentive to get
people to do wel d i nspections. Because if your goal
is really to avoid |eakage, to mnimze the
probability of |eakage, you really have to do sone
wel d exans because you coul d do i nspections exactly in

accordance with the NRC order and not inspect any of
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the J groove welds. You could start up and you coul d
have a leak fairly quickly if you had a crack in one
of the wel ds.

So what we're trying to build into this
order, into these exanples here is sort of an
incentive to do sone weld inspections in the form of
a reduced inspection frequency.

kay. So here's a layout of the
i nspection schedule. Inthereport | only picked one
of the case studies, case study No. 2, but in the
report, in MRP 105, there's details on all four of
t hese and detailed results on all four of these. But
this is the way the inspections |ine up.

The bol d i s where you' re doi ng i nspecti ons
so pretty. NRCorder for this particular plant, they
were required to do an i nspectioninthe fall of 2002.
So all of these assune that you did that i nspectionin
the fall of 2002, and then since this is in the
noder at e cat egory, you woul d do anot her i nspectionin
the fall of 2005 in accordance with the order and at
that point it transitions to high, and so after that
you'd be required to do an inspection every outage.

I n accordance with the MRP plan, the two
EDY i nterval gives you ever ot her outage and conti nues

every ot her outage for those inspections. So that's
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t he di fference between the i nspecti ons per the order.

And t hen under Plan C, the t hree EDY woul d
actually give you every third outage for this plan,
but that assumes that you did 50 percent weld
i nspecti ons back when you did this first exam so
it'sreally a hypothetical case. You couldn't -- you
know, that plant already did the inspections. But if
t hey had done 50 percent weld inspections, then in
accordance with MRP Plan C, they woul dn't have to do
anot her inspection, another volunetric until spring
2007.

They would still be doing bare netal
vi sual every outage, as indicated by the bottomli ne.
So let's look at the results of that.

This is the probability of |eakage for
that case. It shows the probability of | eakage was
built up. At the time of the first baseline
i nspection, the probability of | eakage was about ei ght
per cent. Had they not done any inspection, and |
think this was kind of a -- that curve keeps goi ng up,
and the probability of getting a |l eak keeps goi ng up,
but --

MEMBER WALLI S: But inspection wthout
some acti on doesn't change t he probability of | eakage.

MR. RI CCARDELLA: The assunption is that
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when you inspect and you find sonething, you find a
crack, yourepair it, whichis basically what everyone
does.

MEMBER WALLIS: It's required.

MR, RI CCARDELLA: Yes.

MEMBER WALLI'S: There's a probability of
| eak on one?

MR. RI CCARDELLA: There's a probability of
one leak in a plant.

MEMBER WALLIS: Ch, in a whole plant.

MR. RI CCARDELLA: In a plant of 69 nozzl es
or however many nozzles are in the plant, 90 nozzl es,
| think in this plant, in a year. It's the Wi bul
hazard rate, if you'refam liar with Wi bull anal ysis.

| f we did an inspectionthough, nowinthe
fall of 2002, we've elimnated a lot of those
potential |eakers because if they're going to |eak
here, they had sone cracking earlier, and if you do
t he i nspection, you' ve got a probability of detecting
t hose cracks. That knocks the probability of | eakage
down.

In the case where we didn't do weld
i nspection, the two cases, the NRC case and the Pl an
B, it cones down to about a four percent probability

of | eakage, and then up a little bit, and then we do
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t he second i nspection in fall of '05 here and knocks
it down even further.

The mmgenta curve is the Plan C curve
where because we did weld i nspections we knocked t he
probability of | eakage down even further, and then it
bui | ds up, but you know, we do the inspectionalittle
bit later. So we get to essentially the sane poi nt by
doi ng the wel d exans.

"' mlosing nmy battery in ny pointer here.

In both cases we keep the probability of
| eakage in around the four and a half percent range.
We've been shooting for a target of about five
percent. That's sort of the target that was set up
for probability of |eakage.

Thank you.

Anyway, and then a simlar result occurs
inthe probability of failure. |In this case, again,
we had gotten up to a little over one -- you know
again, the goal for probability of MET (phonetic)
section collapse, if you assume a conditional core
damage probability of about ten to the minus third,
and then you're shooting for about ten the m nus
t hird.

For this particular plant, we had actual ly

exceeded that before we did the first inspection, but
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once we did the first inspection, we knocked that
down, and it tends to stay down.

MEMBER WALLI'S: Wiy doesn't it grow nuch
nore rapidly after 20 EFBYs? | nean, aren't they nuch
nore susceptible after 20 EFBYs?

MR. RI CCARDELLA: But we're doi ng periodic
i nspecti ons.

MEMBER WALLI S: Yeah, but that doesn't
change the susceptibility. | would think that the
growh rate would --

PARTI Cl PANT:  Wbul d grow back the sane.

MEMBER WALLI S: -- at the end because
those are nore susceptible to the cracking.

MR. RI CCARDELLA: Yeah, but what happens
in these assunptions, we didn't build in that. You
know, if you' ve got an 80 percent probability of
finding the crack the first tinme, the first time you
do an inspection, you conme back and do a second
inspection and vyou've got another 80 percent
probability. The probability of that crack actually
escaping, it's down to around four percent.

MEMBER WALLI'S:  So there's no sneak crack
whi ch then grows very rapidly after 20 --

MR. RI CCARDELLA: No, but | put nost of

the stock in this second i nspection after the first.
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Al'l of ny conclusions are based on the second peak,
and I'm not really taking any credit for these
i nspections that occur out further in life.

You know, the inspection knocks it down by
about a factor of five, and then you start to grow
back up.

MEMBER WALLI'S: So the crack gromh rate
doesn't increase with tinme. No. So the EFPY doesn't
i ncrease the crack gromh rate nor the FPY.

MR. RI CCARDELLA: Well, if the crack gets
bi gger, the K goes up. Yeah, it does increase with
time, but remenber we're elimnating -- thisisn't the
crack gromth rate. Thisis the probability of a crack
gr ow ng.

MEMBER WALLI'S: | knowthat. | know. But
as the plant gets ol der, the suspectibility to cracked
gromh isn't any worse.

MR RI CCARDELLA:  No.

MEMBER SHACK: It'Il initiate cracks with
a greater likelihood, but he keeps detecting them
anyway.

MEMBER WALLI'S: He keeps detecting.

MR. RI CCARDELLA: This is a sumary of the
results for all of the case studies both in
probability of rejection. NSC is net section
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col | apse, which is nozzle ejection basically.

Leak. A probability of | eak, you can see
that essentially in all of these cases we've come up
with sort of constant probability cases. The
probability of net section coll apse we're mai ntaining
down in the ten to the mnus four. You know,
sonet hing well under, at |least a factor of two under
tentothe mnus third; a probability of sone | eakage
in general we're keeping down in the under five
percent regine.

MEMBER SHACK: Are these based on your
base case anal yses or you yel | ow hi ghli ghts anal yses?

MR. RI CCARDELLA: Yell owhighlighted. Al
yel | ow hi ghli ght ed.

MEMBER WALLI S: Even thought vyour
probability of detection is never greater than 95
percent ?

That's right.

MEMBER WALLIS: So the sneakers, there
aren't any sneakers that get through a couple of
i nspections w thout being detected? Yeah, that's
what's | eft over

MR. RI CCARDELLA: There are going to be
sone.

VEMBER SHACK: Down there there will be
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sone.

MEMBER WALLIS: So it all depends on being
able to inspect without 95 percent effectiveness.

MR. RI CCARDELLA: For a big crack, yeah,
95 percent for a big crack, but you know, sone of the
i nspections we're doing, | mean, soneti mes when you do
t he i nspection the cracks are only atenth of an inch,
and you're only finding themwith l[ike a 30 or 40
percent probability.

MEMBER WALLIS: |'m surprised. N nety-
five percent probability and you' ve got how nmany of
t hese controller drives? Sixty or sonething?

MR. Rl CCARDELLA: Yeah.

MEMBER WALLI S: And you' ve got 95 percent.
There's a probability of one of themsneaki ng t hrough,
it would seemto ne, to be pretty | arge.

MR. RI CCARDELLA: ©h, yeah, but renenber
the probability of it being cracked isn't 100 percent

MEMBER WALLI'S: Okay. | guess that's it.

MR. RI CCARDELLA: Right? You know, even
if you go back--

MEMBER SHACK: To now i nspections.

MR. RI CCARDELLA: "' m going the wong
direction. | mean, even if | did no inspections for

t he next fewyears, ny probability is going to be, you
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know, you just extrapol ate this curve up. You've just
got a couple of years before that goes up.

MR, MATTHEWS: We'd better hurry.

MR. RI CCARDELLA: So | can just go t hrough
t he sunmary and concl usi ons agai n, but | don't needto
read these againinthe interest of tinme unless anyone
has any questi ons.

MEMBER WALLI S: This [|ooks awfully
optimstic to ne.

MR. RI CCARDELLA: Well --

PARTI Cl PANT: Conservative to ne.

MR. Rl CCARDELLA: -- there's an awful | ot.
You know, in many cases where we had uncertainty we
took the conservative assunption, and | think the
point is that, you know, we're conparing inspections
here. So if there's optimsns, or you know, effects
of assunptions have the same -- wll have the sane
effect on the inspection of the current order as they
will with what we will be proposing under the MRP
i nspecti on scenari os.

MEMBER ROSEN: So when do we hear about
that, what you're going to be proposing?

MR. MATTHEWS: Next neeting.

MEMBER ROSEN:  Next neeting?

VR. MATTHEWS: Yeabh. We don't have it
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proposed yet. We're just going through our review

process right now. | think we're planning on
subm tting that this sunmer. | think that's what we
sai d.

CHAI RVAN FORD: Wl |, what |' mgoing to be
suggesting, assuming that it all works out right, is
that by the fall it seens to nme that you may wel | have
anot her one of these neetings where we can go over
sone of the data associated with 110 and also this
MRP, whatever this one is.

MR. RI CCARDELLA: One, oh, five.

MR. MATTHEWS: One, oh, five and 117 woul d
be out by then.

CHAl RVAN FORD:  And we woul d have nore
time to look at the data before we go into the
neeting, and we can discuss it on a much nore factual
basi s, data basis.

Does that seemreasonable to you?

MR. MATTHEWS: Yeah, some tine this fal
we can conme back and perhaps you woul d have had sone
time to review sonme of the reports that we've
subm tted.

CHAl RVAN FORD: Yeah. It's a lot to take
in just by looking to --

MR. MATTHEWS: Onh, yeah, it is.
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CHAI RVAN FORD:  -- words.

MR. MATTHEWS: Yeah, it's a ot of work
has gone on.

CHAl RVAN FORD: Ch, sure, | see that.

Peter, thank you very much, i ndeed. I
appreciate it.

Larry?

MR. MATTHEWS: |'mgoing to try and cover
ny two presentations in 15 m nutes.

CHAl RVAN FORD: Ckay. Then let's go.

MR MATTHEWS: We will go fast.

CHAI RMVAN FORD: Yeah, okay. Jolly good,
and then we can --

MR. MATTHEWS: Yeah, it requires alittle
cooper ati on.

(Laughter.)

CHAI RVAN  FORD: Don't ask questions?

CGol ly.

MR. MATTHEWS: OCh, no, no, no, | didn't
say that.

|*"mgoing to cover --

MEMBER ROSEN:  You can be certain that
there will be a |lack of cooperation.

CHAI RMAN FORD: Thirty slides?

MR. MATTHEWS: |'mgoing to go fast. 1In
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fact, in one of the presentationis repeating alot of
t he concl usi ons al r eady.

This presentationis on the All oy 690 and
the weld nmetal s and what we know about it now. \What
we did was try and go out and evaluate all of the
existing field and | ab test data on those material s,
denonstrate and quantify the margi n of i nprovenent of
those materials over the Alloy 600, 82 and 182 based
on the information that is available today. We
provide a technical basis for the devel opnment of
future inspection requirenents for the replacenent
heads, and to identify gaps in that know edge base
where we m ght need to -- and strategiestofill those
gaps.

MEMBER WALLI'S: |s there anot her program
goi ng on due to stress corrosion cracki ng resi stance?
| s t here anot her programgoi ng on to do wel dability of
t hese alloys or the relevant alloys, 52 and 152?

MR. RI CCARDELLA: Weldability of thenf

MEMBER WALLI S:  Yeah.

MR. MATTHEWS: They're bei ng wel ded day
and night, right and left. People have |earned an
awful | ot about welding with these netals, and --

MEMBER WALLIS: | forget which one it was

but we've had al ready one exanple of --
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MR. MATTHEWS: Yeah, it was the first one.

They used the Cconee I, and it's not clear to ne they

MEMBER WALLIS: But then, again, if you
talk to the wel di ng engi neers, they all kind of throw
up their hands and say, "Golly, a terrible thing to

wel d, " and we' ve had one i nci dent already for a repair
wel d whi ch didn't work out, and so t he experi ence base
is not that great. Good.

MR. MATTHEWS: There's a good nunber of

heads. There's ten heads operating al ready, too. Not

all of themhave an inspection under their belts, but

MEMBER WALLI'S: Yeah, but it is a fact,
isn't it, nost welding engineers will say these are
not the easiest alloys to weld.

MR. MATTHEWS: Well, | don't think any of
t he ni ckel based alloys are a piece of cake to weld
Wi t h.

MEMBER WALLI S:  As you i ncrease t he chrone

content it gets harder.

MR. MATTHEWS: That nakes it worse. | do
believe so. I'mnot a welding engineer. So | can't
really speak to that. | do know that many of the new

heads that are being nmanufactured are being very
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carefully scrutinized as to the welds and the
condi tion of the wel ds before those heads are put into
servi ce.

MEMBER WALLI'S: Now, |I'mtold that at sone
of the defense |aboratories they do have welding
techni ques for which they are very good. Are we
t aki ng advantage of that information?

MEMBER SHACK: |If we coul d.

MR. MATTHEWS: If | could, | guess. |I'm
not sure | know about --

MEMBER WALLIS: Well, ny point is that

there are techni ques out there which are being used

which increase the -- well, not increase the
wel dability -- inprove on the integrity of those
welds. |'mjust asking the question.

Are we going to get wused to that
i nformati on?

MR. MATTHEWS: | woul d certainly hope t hat
t he manuf acturers are maki ng use of everything that's
available to them to inprove their capability to
manuf acture these. Wet her they know sonet hi ng about
speci fi c def ense departnent i nformati on, | do not know
at this point.

MEMBER SHACK: Do any of the vendors --

you know, are they only doing essentially the code
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requi red, you know, dye penetrant checks? Has anybody
tried X-raying these things? | nean, it's kind of
difficult, but --

MR. MATTHEWS: Yeah, | don't think they're
doi ng X-rays, but if you | ook at the code, there's no
pre-service required on these things other than the
PT, as you will.

MEMBER SHACK: The PT that you will all ow,
right.

MR. MATTHEWS: All of the plants, the MRP
put out a reconmendation for a nuch nore t horough pre-
service inspections, and | believe all of the plants
t hat have the opportunity, sone of themhave been ki nd
of crunched as far as their schedule., but they're
going to into very thorough pre-service. Many of the
plants are demanding a PT white surface, no coat
acceptabl e indications. No indications is what
t hey' re demandi ng on the welds and getting it.

You know, it's not easy. Sometines you've
got to chase sonme stuff, but they're going after nuch
better initial conditions. And | think al nost
everybody i s doing that.

MEMBER SHACK: But are t hey doi ng basel i ne
i nspections so that when they do their net UT they

real ly know that, you know, this squiggle was there
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from day one?

MR MATTHEWS: Yes, they're doing that.

MEMBER SHACK: Di d they do a basel i ne eddy
curve on the J groove weld then, too?

MR NMATTHEWS: Many of them are, in
addition to the PT White, they' re doi ng basel i ne eddy
currents.

MEMBER  SHACK: Because that would
certainly be pretty effective, | think.

MR. MATTHEWS: Concl usion. The existing
| ab test data provide an average i nprovenent factor
t he way we' ve cal cul ated in our MRP 111 of 26 rel ative
to the Alloy 600 mlannealed, and 13 relative to
Alloy 600 thermally treated material, and we feel
t hese are conservative nunbers due to the absence of
PWSCC and nost of the Alloy 690 specinmens within the
test derivation.

Field service has been excellent, and
based on this it has been concluded that it's very
unlikely that you woul d be devel opi ng PWSCC i n these
materials during the plant lifetine.

We covered a nunber of | ab test conditions
in the data that was anal yzed for this report, audit
| ab test nmethods, Wadvanced, reversed events. Mst

of the data admttedly is com ng fromsteamgenerat or
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tubing. | nmean, that's where npost of the tests have
been perfornmed to date, but not all of it.

There were a nunber of material s that were
tested as well as Alloy 600 controls, about 40 heats
of 690, a wide range in carbon content. Not all of
t hemwer e st eamgener ator tubes. There were sone wel d
netals. There were sone plat material, et cetera in
the test sets that were anal yzed.

There were sone shall intergranul ar
cracki ng and sone of the 690 material was observe, but
it was nostly --

MEMBER WALLIS: It would be nice if you
didn't say vast mgjority, if you said sone number.

MR MATTHEWS: \Where?

MEMBER WALLI S: | don't know what you nean
by vast majority.

MR MATTHEWS: It's alnost all of them

MEMBER WALLIS: There's only one or two
out of 100,000 that have any cracks?

MR. MATTHEWS: | don't have the report,
and | haven't studied the nunbers here, but | don't
believe it's very many at all that had these cracks
that were consistent with the mcrofissuring, but in
the interest of openness we're reporting everything

here that we found in these anal yses.
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They didn't see any PWSCC in any of the

weld netals either to date.

We anal yzed the data by two nethods. |If
t here was enough data, we did a Y base anal ysi s and we
cal cul ated the Y based data, the characteristic tine
to failure for the Alloy 690 over the Alloy 600 tine
to failure

We didincrease the beta onthe 690. It's
a conservati smneasure t here because that gives you a
shorter tinme to failure.

Here's just an exanple. The curve on the
left is the 600 mlanneal material, and it's just a
cunul ati ve probability of the sanples that wereinthe
test. The curve in the mddle is the thermally
treated 600 material, and then there were no failures
in the 690. So as far as tests went, we assuned the
failureright after that and drewa curve with a theta
of five and cal cul ate the i nprovenent factor for that

MEMBER ROSEN:. |Is that just an error on
your slide, the 680. Six hundred and ei ghty degrees
shoul d be 680 --

MR. MATTHEWS: | was afrai d sonmebody woul d
| ook at that. | don't know. | saw that |ast night.

VMEMBER ROSEN: It nust because you

woul dn't want to change its apogee. You'd invalidate
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t he whol e busi ness, woul dn't you?

MR MATTHEWS: | think it's a typo, but
|'d have to go back to the report to make sure.

MEMBER ROSEN: That's a huge differencein
t hi s one.

MR. MATTHEWS: Yeah, it sureis. It's an
extreme conservatismif it is not a typo.

MEMBER WALLIS: There's no data showed
t here.

MR. MATTHEWS: That's because there were
no failures. So they assunmed a failure to the right
t here.

VI CE CHAI RVAN SI EBER:  See what a little
crime can do.

MR. MATTHEWS: |In sone of the |ab data,
t here were not enough sanples to do a full-bl own w de
base. So what they've done there is just calculate
how | ong you ran the test for the 690 over thetine to
first crack for the 600 in that particular set of
tests.

And here's a plot of some of those data.
You see fromthis that the | onger you run the tests,
t he higher the inprovenent factor appears to be on
this particular analysis. So averaging all of this

data is a conservative way to come up wth an
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i nprovenent factor, and the reason it gets longer is
because you're failing the stuff, and the | onger you
run it, the bigger the inprovenment factor gets.

The results. The first method canme up
with an i mprovenent factor of 26 and a half relative
to the mlanneal and 13.3 relative to the thermally
treated, and there's sone variation, but that's what
t he average of all the data sets cane out to be.

The second nethod they used where they
were using a smaller nunber of sanples in each set
cane up with an inprovenent factor of 27.1 averaging
all of those data. So it's consistent with the first
one.

Field experience. W've had excellent
field experience with 690. There have been a nunber
of plants now operating for a nunber of years with
Al'l oy 690 tubing; haven't really had any failures I
don't think that were certainly attributableto PWCC.

Many other conponents in the plant
containing 690 in this weld netals are also in
servi ce. Sone of these weld nmetals for over ten
years, and to date there haven't been any i ndi cations
of corrosion degradation in any of those conponents.

And t he concl usions, stating themagain.

|"mthrough with that. Okay? Any questions on 6907
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CHAI RMAN FORD: These are all -- | agree

with you, and we discussed this at the beginning --
t hese are all based on at | east initiation or at | east
speci nens.

MR MATTHEWS: Exactly.

CHAI RVAN FORD: And you still haven't
tackled the question of whether if you do not get
cracking at a defective weld which would then
propagate on into the 690.

MR. MATTHEWS: We have -- the MRP has
testing underway in our future work to try and
guantify a crack growmh rate in Alloy 690 base neta
and weld netals, | believe.

CHAI RVAN FORD: So this is not finished.
There is sone propagation?

MR. MATTHEWS: No, no, no. This was just
areviewof the available information at the tinme. W
have data, and there's also nore data comng in. |
t hought that was in there. 1 think the Japanese have
some information, and there were sonme 690 sanples
included in a WOG programthat we didn't have in this
data set, but we're going to try and get our hands on
all of that data to nodify MRP-111

But separate fromthat, we al so have test

progranms underway to try and crack it, and once you
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crack it, try and quantify some formof crack growh
and what the crack growh rate m ght be. GCkay?

CHAl RVAN FORD: Thank you.

MEMBER ROSEN: That 608 degrees that you
did the tests at, is that -- how was that chosen? Is
that a cold head, representative cold head?

MR. MATTHEWS: No, 608 woul d be a very hot
head. 1In fact, it would be hotter than the hottest
head we have, but you know, that was just one set of
data. You know, they were run at various t enperatures
and all. They pulled out that particular |ab set of
data, and I'm not sure why they chose 608 for that
particul ar situation.

MEMBER ROSEN: But it's a relatively
extrenme t enper at ur e, gi ven t oday' s current
configuration.

MR MATTHEWS: It's hotter than the
hottest head that we have in service. | think Davis-
Besse was the hottest one.

MEMBER ROSEN: | just want to be sure we
don't invalidate our own conclusions by --

MR.  MATTHEWS: It may have well been
chosen because of steamgenerator testing, which runs
at T-hot, which is hotter in general than the head

t enper at ur es. So these were probably comng from
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steam generator tests, which were trying to be nore
characteristic of the steam generator conditions.

' m guessing. | don't have the report,
all of the databases nenori zed.

MEMBER ROSEN: So t he heads won't crack,
but the tubes m ght.

MR. MATTHEWS: | think | can skip nost of
t hese concl usi ons here because we've al ready stated
many of them This was the structure of the MRP 110,
and it has all of these supporting docunents.

G en covered the FMEA. W al so have in
110 a fl awi n wast age t ol erance cal cul ati ons, figuring
out how big flaws we could tolerate. That's included
in 110.

The i nspection experience, this is as of
Decenber 2003. All of the original heads have been
i nspected by bare nmetal visual, all of them and/or
nonvi sual NDE, and sonme of the plants even had a
second nonvi sual NDE this spring.

The i nspection experience indi cates that
time at tenmperature is a key factor. |It's not the
only factor, as Dr. Ford has conti nuously poi nted out
and we've acknow edged. Some of the material and
fabrication categories are experiencingsignificantly

| ower rates of degradati on conpared to the others, but
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we're pretty nmuch basing our inspection program and
everything on the worst cases here.

And t hat i s what t he NRC has done, and you
know, it's a conservative way to go. Sone of these
plants, if they decide they don't want to replace
their heads and they're in a category that's just
experiencing nmuch | ess degradati on because of their
manuf act uri ng techni ques, they, in fact, cone in and
try and get sonething a little | ess rigorous.

| just throwthis onein, and this one is
sorted to make it nonotonically increasing. To the
left it's sorted by the EDY. This is just the
i nspection data. This is the chart | passed out.
tried to nake sure you understand this is just ne and
t he tel ephone. There's not a lot of verified data on
her e.

But it does tend to show that all of the
red, which is anything that has had a leak, is in the
hi gher EDY. Over about 16 EDY no | eaks have been
det ect ed bel ow that.

Sone cracks have been det ect ed down as | ow
as about nine and a half EDY, and | don't know if |
can tell you what point that is.

PARTI CI PANT:  Cook 2.

MR. MATTHEWS: That was Cook 2. The early

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

160

Cook 2 inspection they had that IDflawand to repair
it and have run since then. They did sonme other
cracks sine then, but basically this says to ne that
as a fundanmental screening tool of deciding when you
need t o do what ki nds of inspections, it's pretty well
hol di ng up. You know, the NRC order, | believe, it
sten -- is it ten or 12 where you go down there?

VI CE CHAI RMAN SI EBER:  Twel ve.

MR MATTHEWS: Twel ve you go to high
susceptibility, and so far we've only had two pl ants
t hat have detected even any cracki ng bel ow that, and
t hen bel ow ei ght, you got or above eight you go to
noder at e.

Now, | must admit these are all visua
i nspecti ons down here. The NRC order and our
i nspection program would push a plant to do a
basel i ne.

MEMBER WALLI S: Are these cracks left, are
t hey t he ones which left thembecause they're goingto
repl ace the head or sonething?

MR.  MATTHEWS: There were a couple of
out ages. There was one plant. | can't renenber which
one it was. | think it nmay have only been one pl ant
that had a flaw. In fact, Cook 2 left the flaw in

service for one cycle, and then there was another
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plant nore recently that found sonme flaws that were
nmeasur abl e, shallow, and they were able to determ ne
and disposition those that they could run another
cycle without violating their wall thickness, et
cetera, and then they were repaired |ater.

Nozzle ejection evaluations, | believe
Pete covered those.

Head wastage. Included in MRP-110 is a
probabilistic evaluation of the wastage and the
probability that we might could get a rupture froma
wast age situation.

CHAI RVAN  FORD: Are you all wusing a
probability of detection greater than 60 percent?

MR. MATTHEWS: |' mnot sure, and Steve and
Aden had to leave. Hiswifeis inthe hospital. |'m
not sure. |'mnot sure what den used in his nodel.

Do you know, Pete?

| think he did.

W did do a consequential damage
assessnment. That's a separate section in the report
where we | ooked at what's above the head and what
coul d happen if you ejected a nozzle. There's not a
lot up there except control rods and sone
instrunentation. Cabling for the control rods is the

main thing up there and nost of that is failsafe.
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We did | ook at what happens if you coul d
prevent nore than one rod fromgoing in, and the nost
likely outcome is that it's just another LOCA in a
very favorabl e position for a LOCA, and there's plenty
of shutdown margin to handle the situation

So we're not doing any increased in the
condi tional core damage probability because of the
consequences up there.

Now, the staff did raise a questi on about
the rivless (phonetic) system and we need to go see.
That' s not i mredi at e acci dent. That's downstreamwhen
the operators are trying to figure out what they need
to do. W need to go take a | ook at that.

Repl acenent head material s | just covered.

MRP-110, primary conclusions. | covered
it at the start.

We're going into the inspection plan. W
have a pl an under development. It will be patterned
simlar to what Pete was tal king about. | won't say
it will be exactly one of those scenarios, but we'll
use tools to eval uate whatever we do cone up wth.

It will maintain that extrenely |[|ow
probability of core damage and |ow probability of
pressure boundary | eakage.

Qur intent was to try and replace the
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requi renents of the NRCfirst revised order that cane
out |ast February. | understand NRCis working on a
rul emaking. | understand the code is working on a
code case. So it will be -- 1 can't guarantee what it
will ook like, but hopefully it will | ook something
i ke ours.

The | ogistics of all of that we have got
to work out so that we don't wind up with multiple
conflicting requirenents on the plant. To get it we
need one set of requirenents that are i nposed. Staff
needs a regulatory control over it. So we've got to
figure out how to nmake all of that happen

This is aninspectionplan. Basicallythe
top through Oconee 2 there in the spring, 11 plants
have replaced their heads. There are several nore
that will be replaced in short order. And there's
quite a nunber of plants.

Most of the high susceptibility plants are
mar chi ng toward replacing their heads. | nspecti ng
every cycle is too expensive.

W do have a boric acid corrosion test
program underway. | think we've touched on that.
This is the schedul e of nock-up testing. | thought it
was in '05, but it goes on into 'O06.

And we will revised or we do plan to
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revi se the boric acid corrosion gui de book to i ncl ude
the results of these corrosion test specific for the
react or head.

MEMBER  WALLI S What about t he
under standi ng of the test? Have the tests proceeded
to the poi nt where you have a very good verified nodel
of boric acid corrosion?

MR. MATTHEWS: | think we al ready had, if
we knew t he exact conditions, we had good data for a
nunber of conditions for boric acid in the boric acid
corrosi on gui de book. Plants use this day in and day
out for assessing |eaks, et cetera, and the inpact.

The head, we don't have those tests yet.
Tasks 1 through 3 are eval uati ng separate effects, the
gal vanic effects and all of those kinds of -- and the
fl ow accel erated corrosion effects that nmay be goi ng
on in the specific geonetry of the reactor vessel
head.

Those results from those tests wll
provi de data to hel p benchmark d en's wast age nodel ,
and they' Il also be used to hel p guide Task 4, which
is our nock-up testing. What paraneters are
important? How do we need to nodel those or nock
those up in the nock-up testing.

CHAl RMAN FORD: The trouble is that, if |
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fully understand the line of thought, we've heard
about the boric acid to corrosion work for two years
now, both fromthe staff and fromthe industry, and
yet we haven't yet seen a quantitative nodel that says
corrosionrate with OSTL is a function of the nunbers
agai nst the algorithm

And so you can't save, although that
particular nozzle is nore likely to show corrosion
versus that particular nozzle, and that's what the
concern is.

Until we have that, you' re going to have
to do volunetric exans forever, until you can make a
rational case as to why and can explain why we have
had so many observed observations of no boric acid
corrosion. It's arelatively un --

MR MATTHEWS: At this point we're
attributing that to the crack | ength above the weld
that can be leaking, and that's correlated to the
Davi s-Besse situation versus the other nozzles.
That's where we are today.

Test 1, 2, and 3 that we have underway are
going totry to help us quantify those initial stages
of that corrosion cavity and how it progresses and,
you know, if it bears out what we think is the case,

that it'srelatedtothe flowrate and t he size of the
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crack above the weld. Then, you know, it would
support it.

CHAI RVAN FORD:  And so that would have
been i nput, therefore, i ntoyour i nspection programas
to whet her you could ever get to that situation.

MR.  MATTHEWS: Right, right, and we
believe that these visual inspections that are
required by the order and will be required by our
i nspection programare going to be sufficient to catch
sonething in the early stages if we mss a crack and
it does develop a |l eak. The visual inspections wll
be adequate to catch it intinme to prevent any ki nd of
situation |ike Davis-Besse.

Six, ninety |I've nentioned. W're trying
to get the data and the Jaffee data and the WOG t est
data into our revision of the MRP-111, and we al so
have ongoing tests with alloy 690 to denonstrate and
quantify that i nprovenent, not just ininitiation, but
if we can, in crack gromh rate al so.

And that's the end of ny slide show. And
let me see. | believe |I can close.

CHAI RVAN FORD: Okay. We've got, | think,
one nore talk before | unch.

MR MATTHEWS: And if | can find it, |

believe this is it.
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CHAI RVAN FORD: We're going to catchup on

schedul e.
MR MATTHEWS: It's because | talk fast.
CHAl RVAN FORD:  Thanks very mnuch.
The next time we will really attack you.
W' || have you on first.

MR MATTHEWS: |'mgoing to retire.

CHAI RVAN FORD:  No, you can't do that.

MEMBER ROSEN:  Well, nmaybe he got away
with it because he didn't show any data.

MR MATTHEWS: Well, the data are in the

reports.

MR. MARION: Good norning. M nane is
Al ex Marion. |1'ma senior Director of Engineering at
NEI .

VWhat | thought | would do with the few
m nutes that | have is --

CHAl RVAN FORD: Don;'t feel constrained.
This is inportant.

MR. MARION: Ckay. How nmuch tinme do |
have?

CHAI RMVAN FORD: Well, 1 woul d suggest if
you finish by quarter past 12.

MR. MARION: | shoul d be able to do that.

Thank you.
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My objective this norning is to provide
you an overview of the materials initiative that was
undert aken by the nucl ear industry, and there are two
supporting docunents that we have provided you, NE
03-08, which is a guideline and I'll tal k about that
briefly, and also a strategic plan that was i ssued in
March, and we provided themto you in advance.

VWhat I'd like to do is very briefly go
over background, discuss the self-assessnment that we
had conducted of all the industry progranms, briefly
touch upon the intent and substance of the nmaterials
initiative and defi ne sone of the oversight structure
of conmttees we put in place, and then tal k about
future changes and t he way the i ndustry i s going to be
managi ng materials i ssues as we nove forward.

These next coupl e of slides just represent
sone of the areas where we've had nmaterials
degradati on issues and BWRs, PWRs, and then | had a
list of some of the degradati on experi ence and sone of
this you're already famliar with, and I' mnot going
to go through it in any detail.

But one thing | do want to indicate, that
fuel performance is part of thisinitiative primarily
because of the effects of water chem stry on fuel

integrity, and you'll be hearing nore about that in
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detail in the future.

The bottomline relative to these events
t hat have occurred over the past three, four years is
that they're very costly from an econom c point of
view, but nore inportantly they rai se questions about
pl ant safety and plant operational perfornmance.

And | et nme gi ve you a perspective on that.
In May of 2002, the NEI executive conmittee raised a
very fundanental question that is at the root of al
of this, and that was given that the i ndustry at that
particul ar ti me was spendi ng approxi mately $55 m | 1ion
inresearch, why isit that we're having t hese events?

And that's $55 million in prograns that
wer e bei ng adm ni stered by EPRI, as well as materials
activities being carried forward by the NSSS owners
groups.

MEMBER ROSEN: Now, that's $55 nillion
across the whole scope, not just materials, right?

MR, MARION: No, no. That's just in the
materials area. The EPRI MRP program the BWR VIP
program certain aspects of the fuel program the
st eam gener at or managenment program the NSSS Owners
G oup material subcomm ttees.

CHAI RVAN FORD: Real | y?

MR. MARI ON: Yeah.
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CHAl RMAN FORD: In additiontothe reactor

operators, the GEs and the Westinghouses.

MR. MARI ON:  Yeah.

MEMBER ROSEN: That' s a sur pri si ng nunber .
That was a good questi on.

MR MARION: Well, that was the reason |
asked the question. You know, why is it that we'rein
t hi s apparent reactive node? Wy are we waiting for
sonmet hing to happen, given this investnent that we
have in place?

So the obvious question that cane up is
are we going torelive the past. Wat we do know and
we do believe it's not a matter of waiting for
something to fail. W know what will fail next. W
know when it will fail, and the obvious question in
response to these failures, we've identified new
repl acenment materials. Are they as susceptible or are
they legitimately going to performbetter?

But the point of all this was to position
the i ndustry to be nore proactive instead of reactive
in dealing with materials perfornmance issues.

So t he executive conmttee charged NEI to
establish an activity to conduct a sel f-assessnent of
all of the materials related issue prograns, and this

was conducted in 2002.
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The overall goal was to eval uate these
prograns, identify what's working well and why, what's
not wor ki ng well and why not, where there are areas of
overlap and duplication, and where there are areas
where we should be doing sonmething in terns of
research and investigation, but we're not for sone
reason or anot her.

And a coupl e of interesting observations
came out of the self-assessnment, and | et nme just focus
on two here.

There were approximately nine issue
prograns or separate groups that we're dealing with
mat eri al performance i n sone aspect or anot her, and we
found that each one of those groups was conpeting for
t he same resources, resources bothinternms of funding
and resources in ternms of technical personnel being
involved, as well as |eadership personnel being
involved in our groups to provide guidance and
di recti on.

And given that, we recognize that there
wasn't an overall integration or coordination anong
these groups to make sure that the right |evel of
effort and resources are being applied to PARrel ated
i ssues or some PR rel ated i ssue, and not sacrificing

that at the expense of sonething el se.
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Okay. But to make sure on an industry
wi de basis that we are prioritizing activities and
progranms and meking sure that we're applying the
appropriate | evel of resources to those prograns so
t hat over an i ndustry-w de basis we're doing the ri ght
thing for the right reason.

As you can imagine a nunber of these
prograns have devel oped gui dance docunents over the
years, and we found that inplenmentation of follow up
on that gui dance was | acki ng, mand we al so found out
that there wasn't any verification of inplenmentation
of the gui dance docunent.

And | talked about the resources to
support the groups, and one thing that was reconmended
by the teamthat did the self-assessnment is that we
ought to take advantage of the NEI/NSIAC initiative
process, and I'Il talk about that briefly.

The sel f -assessnent i ncl uded t hese gr oups.
| " mnot going to go over themin detail. You have the
mat eri al , but you can see it's conpletely
conprehensive in ternms of everything going on in the
industry relative to material performance issues in
one form or anot her.

Recommendati ons fromthe sel f-assessnent

was to create an executive |level and technical

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

173

oversight groups to establish a policy for the
managenent of materials issues, to use the NEI
initiative process to expand NPO s role, inprove
communi cations, and do a nore consistent job on
defining and establishing an effective regulatory
i nterface.

The guideline docunent | referred to
earlier is very straightforward. It establishes the
two standing commttees. There is an executive
oversight conmittee that will deal with the policy
| evel issues, and that committee is chaired by Chris
Crane from Exel on Nucl ear

There's a technical advisory conmttee
that is going to deal with some of the technical
i ssues, not necessarily addressi ng and resol vi ng t hose
i ssues, but assuring that thereis anissue programin
t he i ndustry that has the resources and the charge, if
you will, to deal with a particular technical issue.

And t he gui del i ne est abl i shes policy. The
nost inportant aspect of the guideline is it defines
roles, responsibilities, and expectations not only for
t hese advi sory comm ttees | just tal ked about briefly,
but also for the issue prograns, as well as the
i ndividual utilities.

And i f you' ve had an opportunity to read
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it, I"'msure you'll find that it's very effective in
that regard, especially since |I'mone of the people
who wote it.

The materials initiative 1is rather
straightforward. |I'mnot going to read this to you,
but it calls for theutilitiestoor theinitiativeto
assure that the industry is goingto continueto focus
on saf ety and operati onal performance in dealing with
materials issues in the future, and it calls for the
utilities to endorse and support NEI 03-08, and it was
ef fective January 2004.

Now, what we've done over this period of
time since January is establish sone criteria and the
protocols for consistent inplenentation of this
initiative, but theissue prograns as well as with the
i ndividual utilities.

The purpose of the initiative 1is
f undanent al . | already touched on sonme of these
aspects. I'mnot going to read through them

Actions required by theinitiative. Now,
thisinitiativeis there have been 19 initiatives that
have been devel oped i n t he nucl ear i ndustry since the
formation of NUMRC back in 1988. NUVRC, Nucl ear
Utility Managenent Resources Council, as one of the

predecessor organi zations to NEl
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And t he initiative process is
strai ghtforward. It's where the nuclear industry
gets together, and the chief nuclear officers
establish apolicy positionor aspecific strategic or
tactical course of action to address an issue that's
of concern to the industry.

Now, the ~concern could range from
sonething that is purely economc, an efficiency
process i nprovenent, to sonethingthat is aregulatory
concern that the NRC may have, not to necessarily
suppl ant the NRC s regul atory responsibility, but to
denonstrate that the industry i s going to take care of
this, and if the NRC finds that the NRC was effective
in that, then the NRC woul d be reasonably happy. If
they're not, then the NRC will issue supplenmental
regul atory requirenents or whatever the case may be,
dependi ng upon the nature of the issue.

And in all those cases, except for a
couple of initiatives where we were short of 100
percent approval, our requirement is 80 percent
approval of the chief nuclear officers, but I'mhere
to tell you that nost of those initiatives that have
been taken in the past, it's been 100 percent, and |'m
pl eased to tell you in this one on materials, it was

100 percent approval
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And the actions required on the part of
the utilities consistent with this initiative was to
conmi t | eadershi p and techni cal personnel totheissue
program a conm tnment of funds for the material s issue
prograns, and commtnent to i npl ement the applicable
gui dance docunents that are devel oped by these issue
pr ogr ans.

| m ght add as part of this there was an
agreement that each utility will provi de an additi onal
$60, 000 per reactor for a two-year period, the two
year period being this year and 2005, to basically
hel p us deal with energent issues because as you can
imagine, |I'lIl take the MRP as an exanple. Let's say
t hey have ten projects planned for fiscal year 2004,
an let's say in January sonet hi ng happens at a pl ant
t hat has generic applicability that was not factored
into those ten projects.

So now MRP is in a position of dropping
one of those ten which are already determ ned to be
i mportant so they could pick up this newone. That's
t he way t hese prograns have been working i n the past.

The intent of this enmergent materials
issue fund is to conpensate for that kind of action,
provi de seed noney to deal with these energent issues

as they come up
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MEMBER ROSEN. That's $60, 000 per unit or

per site or --

MR. MARION: Per reactor. It's alittle
over six mllion a year. Over the two years, it's 12
mllion, and that's on top of the 55 | nentioned
earlier.

So we' re positioned right now about $70
mllion.

VI CE CHAI RVMAN SI EBER:  So does that go to
EPRI or do you guys --

MR. MARION: Well, that enmergent issues
fund is being managed by NEI through these two
advi sory conmittees, the executive oversight and the
techni cal group. EPRI is involved basically
functioning as the banker.

W're received -- and don't ask nme to
el aborate on that. It just seenmed to work out that
way -- but we are in the process of soliciting project
proposal s, and the techni cal advi sory groupis neeting
inmd-June to start eval uating proposals, and you' Il
be hearing nore about that as we nove forward.

The materials initiative was approved in
May, and this is rather straightforward.

This is a statement of the policy

comm tment that captures sone of the key el enents of
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what we want to do with the industry. Clearly,
establish industry materials managenent activitiesis
forward |ooking and coordinated. W want to
effectively respond to energent issues that cone up.
We believe that there will be energing i ssues com ng
up over the next couple of years.

Qur primary focus is plant safety and
operational risk significance.

Thi s slide represents the groups that fall
within the unbrella or the scope of the materials
initiative. |I'mnot going to read them

The owners group subcommittees. Thi s
slide represents the menbership of the executive
oversi ght group. Each of the utilities represented
are the chief nuclear officers. You see the vendors
are represented as well as NPO, EPRI and NEI

The t echni cal advisory group i s chaired by
Dave Mal don of Arizona Public Service, and | want to
poi nt out that what's interesting about this groupis
you ook at the information and all of the current
i ssue prograns are represented onthis group, andthis
is a denonstration of the integrated, coordinated
appr oach.

Werely ontheseindividualslistedonthe

slide to communicate to the respective program what
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t hey' re doi ng and what needs to be done. For exanpl e,
with regard to the MRP, we rely on M ke Robinson to
work with Larry and his peers to make sure they have
the right resources to do what needs to be done, et
cetera.

They don't comuni cat e back t hrough m ke,
as an exanpl e.

MEMBER WALLI S: Wiy don't you have
outsiders on this to keep everybody on their toes?

MR. MARION: Wiy do we have outsiders?

MEMBER WALLI'S: | think you ought to have
outsiders inthis. You ought to have sonme people from
academ a, for exanple.

MR MARION: Well, that's an interesting
point. Thisis aninternal industry activity. W are
at this particular point -- 1'Il get intoit alittle
bit | ater --devel opi ng t he state of know edge rel ative
to materials performance, and as part of that
activity, we are engagi ng outsi de experts to give us
their insights sothat we can establish this know edge
base.

But right now in ternms of managing the
materials i ssues, we feel that the industry needs to
position itself in an effective manner. Now, maybe

once that's established, we may want to broaden t hat
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alittle bit, but right nowit's strictly an internal

MEMBER WALLIS: |I'mjust thinking there
may be ways of thinking or myths or things |ike that
which will perneate the industry, and you need sone
check on that from outside.

MR. MARION: That's a good point. W'l
t ake that under consideration.

Rol es and responsibilities, we want to
make this very clear. The executive oversight group
is directly responsible to the industry chief nucl ear
of ficers through NEl. They're going to provide
oversi ght and road policy guidance.

The technical advisory group assures
overal | coordination, devel opnment of strategic plan
and protocols for the issue prograns. The issue
prograns that are identifiedonthe other slides still
have fundanmental |ead responsibility for doing the
t echni cal work.

| just want to nake sure that sinks in
because within the industry even now there's still
sonme confusion as to what the roles and
responsibilities are.

The docunent that |'ve provided you was

the initial publication of the strategic plan. It
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refers to appendices and sone discussion on work
pl ans, and we are in the process now of conpiling the
i ssue programwork plans, and we're al so devel opi ng a
degradation matrix and issue nmanagenent table that
"1l speak to briefly.

But this docunent is going to be revised
in July, incorporating the basic technical state of
know edge, the materials degradation issues, but not
only the issues thenselves. The consequences of
materi al s degradationin terns of systemand conponent
performance as it nmay affect plant or operational
safety.

And so that revision will be ready in
July, and I'm hoping at a neeting in August or

Sept enber of this subcommittee and the main conmittee

we could spend a reasonable anobunt of time, like a
couple of hours -- and | suspect we'll need that at
| east -- to go through the technical substance of

t hese documents we're referring to.

And Dr. Fordisinvolvedinthat effort as
part of expert panel solicitation, and |I'm sure he
woul d agree that we would need a couple of hours.

These sl ides capture sone of the content,
and it's kind of difficult. You' re not going to see

that i n a docunent that you al ready have, but you wil |
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see that in a docunent that we provide you in July
time frame.

We're doing a tactical assessnment of al
the i ssues. We're | ooking at those over the near term
and those over the longer term and we're trying to
identify for those issues what work is in progress,
what work needs to be pl anned, what work is not done
t hat should be done that we need to factor into the
process.

The docunent already <captures the
activities that are planned for this year, interns of
near term tactical issues, and that represents the
time frame of zero to three year devel opnent,
pl anni ng, and executi on.

The one princi ple we' re conveyingtothese
i ssue prograns i s you' ve got toidentify deliverables.
You have to identify a schedule. You have to planto
t hose deliverables, plan to that schedule, and if you
can't, you have to articulate what it is you're going
to be doing over the longer term

But you're not going to be receiving
funding to allowyou to play with stuff over ten years
or 15 years wthout some |evel of accountability.
kay?

And as you can imagine in the spills area
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that's a significant chall enge put upon anyone, but
the ideais toidentify what progress you're going to
be making and how that progress contributes to an
overal | objective or an overall answer to a particul ar
guesti on.

Fundanent al Managenent 101. It's goingto
be interesting as |I'm sure you can all appreciate.

The material s techni cal advisory groupis
wor ki ng with the i ssue prograns to nake sure that some
of these principles are being incorporated into their
devel opnent pl anni ng and execution activities.

Again, as | nentioned, we're focusing on
techni cal gaps. What is it that we're not doi ng that
we shoul d be doing to i nprove our know edge base. O
t hose itens, which ones pose risk to the industry and
what is the risk ongoing that may exist prior to
havi ng t he final answer? And how do we conpensate for
that risk? Wuld that be in sone conservative
i nspection requirement? It may be, okay, until the
final solution is established.

And | think it would reflect on sone of
the presentations that Larry is giving you fromthe
MRP wor k. You can see that that phil osophy is playing
out, and | think that's a positive thing.

In terns of future activities, the
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techni cal advisory group has a nonthly phone call
Their next call is scheduled, | think, this week on
Wednesday.

The executive group neets quarterly with
NRC seni or managenent. We've established a nunber of
protocols relative to sonme of the findings that cane
out of the self-assessnent.

As | nentioned before, we're positioning
ourselves to review project proposals and start
di sbursing some of the noney.

We are goi ng to be working on perfornmance
netrics, and we'll have themestabli shed by t he end of
t he year, not only for the two commttees that we put
in place for this initiative, but also for the issue
prograns as well because we want to make sure that
this effort focuses on t he concl usi ons and fi ndi ngs of
t he sel f-assessnent, and effectively does positionthe
i ndustry to be nore proactive and forward | ooki ng.

And as | nentioned before, we wll be
issuing the strategic planinthe July time frane, and
we will ook forward to briefing this commttee onit
in the future.

Interns of changi ng within the industry,
| think you're going to see issue program work

products that are going to be very specific relative
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to inplenentation requirenments in terns of what the
expectations are of the utilities on how they're
supposed to use that work product.

Larry nentioned a couple of lettersinhis
presentations. Each of those letters were al so sent
tothe industry chief nuclear officers to apprisethem
of the reconmendati ons com ng out of MRP, as well as

the expectations wthin the framework of this

initiative.

The conmmuni cati ons on newmnateri al s i ssues
will inprove as well as the interface with the NRC
As | nentioned before, | firmy believe that the

industry is going to be proactive. As we conplete
t hi s next phase of work towards the end of this year,
| think it will be clear to everyone who reviews this
next version of the strategic plan that the industry
i s, i ndeed, positionedto be proactive noving forward.

And we're doing our best to inprove
i ntegration and coordi nati on anong t he i ssue progr ans,
and you' |l see nore and nore positive results com ng
out of that in the future.

That conpl etes ny presentation, and t hank
you.

CHAI RMVAN  FORD: Thank you very nuch,

i ndeed.
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Questions?

MEMBER ROSEN: One quick question
| mpl enent ati on requirenments. Soneone is going to
check that the utilities actually do the things?

MR. MARION: Yes, yes. The Institute of
Nucl ear Power Operations has a review visit program
that is focusing on three areas. They're | ooking at
t he gui dance that's been issued by the Boiling Water
React or Vessel Internals Program They're | ooking at
t he St eamGener at or Managenent Program And the third
area is they' re looking at guidance that has been
devel oped to assure the integrity of the primary
system pressure boundary.

And as these new gui delines conme out of
the issue prograns, INPO wll pick them up and
integrate them into the appropriate review visit
program

MEMBER ROSEN:  And t he | NPO expertise for
this, conducting these reviewvisits, will conme fron®

MR. MARION: The industry. | NPO makes up
a review teamconprised of six to eight individuals.
| NPO, and individual fromINPO is involved, but the
bal ance of the teamis made up of representatives from
t he i ndustry, individualslike Larry Matthews and | i ke

Robi nson and ot hers.
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And our intent is not to supplant or
repl ace or provide an alternative to NRC actions in
this area, but as | said before, to clearly
denonstrate that the industry is dealing with these
i ssues, and then the NRC determ nes what they need to
do in terms of future regulatory action

We're hoping we get to a point where we
establish some level of confidence in industry's
performance in |ight of what happened at Davi s- Besse.

CHAl RVAN FORD:  Thanks.

Any ot her comrents?

MEMBER WALLIS: Well, this sounds to ne
like a generic plan for any broad research program
You could change it and say this is a thernal
hydraul i cs research program or whatever. Is there
anyt hi ng speci al about this materials area which | ed
to adifferent strategy than you woul d have for ot her
areas?

MR. MARION: |'man el ectrical engi neer by
training. Al of this is special to ne.

MEMBER WALLI S: You see what |'magetting
at. | nmean, it looks like a very good, big program
and you're doing all of the right things. But is
t here somet hi ng speci al about materials that | ed you

to do sonmething this way rather than that way?
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MR, MARI ON: Vell, | think what really

cones to the point hereis that we were spending a | ot
of nmoney as an industry in a nunber of prograns, and
apparently for one reason or another, | wasn't
effective. W were still having events at plants.

So the special nature of it was you're
spending 50, $55 mllion. You're still havi ng
problens at plants. Wat's wong with this picture?
That's why we did the self-assessnent.

Basi cal | y t he concepts that we' re appl yi ng
here are fundanental managenent  focusing on
positioning, integration, and coordi nation, rol es and
responsibilities and expectations, not to say that
they didn't exist inthe issue prograns. |n sone they
did; in others they didn't do as well as sone of the
ot her ones.

But the idea is to capture that, put it
t oget her, and nmke it work.

MEMBER BONACA: And you know, | nean, the
i ndustry was very successful with the progranms |ike
BWR VI P, for exanple. That was an exanpl e where you
had the situationinearly '90s and | ate ' 80s where we
t hought that BWRs woul d be goners, and | nean, now it
beconmes a very structured plan, and | think successf ul

plan, and | think | was pleased to see that BWRVIP is
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still an element of this.

MR. MARI ON: Ch, absolutely, and you rai se
an excellent point. | should have nentioned this in
t he presentation.

We' re usi ng t he BWR VI P nodel for nanagi ng
t hese i ssues. The idea of eval uation, eval uation of
t he nmechani sm devel op an inspection plan, evaluate
the results, repair replacenent activities, and it's
a continuous process.

MEMBER ROSEN: Well, | have to say in
response to Graham s conment what's different about
this plan to nme is that the fuel research is
integrated into it. Fuel has always been treated as
somet hi ng apart from these kinds of issues.

In fact, here | think that's going to be
very chal | engi ng.

VI CE CHAI RMAN SI EBER: | think that just
recogni zes that everything is corroding all the time
and really what you'retryingto dois to get ahead of
the surprises. You know, i f I | ook at
t her nrohydraulics or operations or fuel nanagenent,
there aren't alot of surprises there, but there seens
to be a lot of surprises in the materials business,
and every one of themnot only costs a | ot of nobney,

eventual ly causing you to replace it, but it's
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affecting outage tinmes and plant operability.

And so it's a very expensive proposition
for the licensees to deal with, and the nore they get
ahead of it like they're trying to do right now, and
the staff is trying to do basically the sane ki nds of
things, the better off everybody is going to be.

CHAI RMAN FORD:  Any ot her conments?

(No response.)

CHAI RVAN FORD: Al ex, thank you very nuch
i ndeed, and we | ook forward to seei ng you back in the
fall.

We'll go into recess until 1:15.

(Wher eupon, at 12:17 p. m, the neeti ng was

recessed for lunch, to reconvene at 1:15 p.m, the

same day.)

CHAI RVAN FORD: | woul d l'i ke to cone back
into the session. This afternoon we have
presentations fromthe staff and RES. Bill, | wll

pass it on to you to start off.

MR KOO | amBill Koo w th Materials and
Chem cal Engi neering Branch of NRR. The purpose of ny
presentation is to provide you an update on the
reactor vessel upper head inspections.

The staff had briefed this commttee on

this objectivein April of | ast year, about two nont hs
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after NRC had issued an order to mandate the reactor
vessel upper head inspection of all PWRs.

A fewnont hs ago i n February of this year,
NRC had issued a first revised order. Therefore, ny
presentation today will focus on what are the changes
in the first revised order and an update of the
i nspection results.

CHAI RMAN FORD: Bill, will we be hearing
about the potential bulletinthat the ACRS heard about
a couple of nmonths ago, to do with the pressurizer?

MR KOO | will not be -- WII Matthew
address that?

MR. M TCHELL: Thisis MatthewM tchel |l of
NRR staff. No, | don't believe that was intended to
be covered as one of the subjects for today's
presentation.

CHAI RVAN FORD:  Ckay.

MR KOO Il will start with a brief
i ntroduction of the background of this issue. Then I
will discuss briefly regarding the process to
i mpl enent all the inspection requirements into the
regul ati on.

I n addressing the reactor vessel upper
head degradation and all the cracking i ssues, NRC had

i ssued three bulletins, one in 2001 and two i n 2002.
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Because the industry did not identify an acceptable
| ong terminspection programin their response to the
bulletin, NRC issued an order in February of |ast
year.

The subject order requires all the
| icensees of PWR to perform specific inspections of
the reactor vessel upper head and associated
penetrati on nozzles to ensure there is no corrosion
degradati on on the vessel head and no cracking in the
associ at ed nozzl es.

A fewnont hs ago i n February of this year,
a first revised NRC order was i ssued. Wy a revision
of the order is needed? This is because, since the
i ssuance of the original order, the staff had received
a | arge nunber of relaxation requests to seek relief
from sone portions of the order.

Many of these relaxation requests are
comon i ssues. During the period of February through
Decenmber of last year, the staff had received 24
rel axati on requests, and sonme requested the
flexibility ininplenmentation, and sonme requested the
relief fromall the exam nation requirenents due to
physi cal obstructions, conplex nozzle configuration
and instrument limtations.

Therefore, a revision of the order is
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needed i n order to address to these i ssues, which were
not considered in the original order.

Five itens are wupdated in the first
revised order. Those itens are: Bare nmetal visua
i nspection requirenents; penetration nozzl e inspection
coverage; conbination of exam nation methods; flaw
eval uation reference; and the replaced vessel head
i nspection requirenment. Let nme review each of the
five itens.

Let me first goto the fourth itemon the
slide. This itemis an update of the flaw eval uati on
ref erence, because new gui dance has been i ssued. This
is basically an editorial change, because the order
all ows the reference to be revised and al so requires
the licensees to followthe | atest guidance for flaw
eval uati on

There is no change in the nethod of
cal culating the EDY. The EDY stands for effective
degradation years. The EDY is used to evaluate the
susceptibility of the reactor vessel head which is
based on operating tine and head tenperature.

There is also no change in the ranking
criteriainthe inspectionrequirenents for the high,
noderate and the | owsusceptibility trends. However,

the original order did not provide any guidance
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regardi ng the i nspection requirenents for the repl aced
vessel head.

Therefore, the first revised order
establi shed a new category call ed Repl aced category
for the inspection of replaced vessel heads. The
i nspection requirenents for this category is simlar
to plants in | ow susceptibility category.

| would like to point out that for the
repl aced heads, there is no difference in the
i nspecti on schedul e bet ween the Al |l oy 600 head and t he
Al'l oy 690 head, because at this time we need nore
service experience and test data to justify any
changes for the Al oy 690 heads.

This itemconcerns the bare netal visua
i nspection of the reactor vessel head. The original
order required 100 percent coverage of the entire
vessel head surface. For sone plants, this
requirenent is difficult to neet, because a snall
portion of the vessel head surface was obscured by the
support structure interferences.

Therefore, the First Revi sed Order reduced
t he vessel head surface coverage requirenent from2100
percent to no less than 95 percent, provided the
support structure causing the obstruction nust be

| ocat ed at an el evati on away fromt he out er nnost vesse
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head penetrations so they will not interfere with
effective visual exam nation of the vessel head and
associ ated penetrati on nodul es.

CHAI RVAN FORD: Wbul d you m nd j ust goi ng
back to the previous slide, please, to 6?

MR KOO  Slide Nunmber 6, right.

CHAI RVAN FORD: |'msorry, 5. On the high
susceptibility plants, evenwi th the Revi sed Order, we
are saying that you nust have bare netal visual plus
-- and a nonvi sual NDE.

MR KOO Right.

CHAI RVAN  FORD: Now | wunderstand that
MIllstone Il is a high susceptibility plant, and yet
it was asking for a relief on the inspection on the
original Oder because of insulation, and that was
undeci ded. As to howthat woul d be di spositioned, it
was undeci ded at our |ast neeting. How was t hat
resol ved?

MR. KOO | think Jay can --

MR. COLLINS: Jay Collins with Materials
and Chem cal Engineering Branch. MIllstone Il did
renmove their insulation and did perform that bare
netal visual inspection.

CHAI RVAN FORD: Because t hey were asking

for relief, | understand.
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MR. COLLINS: They were asking for relief,

but they determined that it was necessary to perform
t hat . They |ooked at a nunber of different
alternative methods of NDE to assure that integrity,
but at that tinme they did not have enough to justify
it. So they went with a full bare netal visual
i nspecti on.

CHAI RVAN FORD: Thank you very nuch.
kay, Bill.

MR KOO Okay. This item concerns the
i nspecti on coverage of the penetration nozzles. The
original Oder required inspection to cover fromtwo
i nches above the j-groove weld to the bottom of the
nozzle. Due to physical interferences and test probe
[imtations, many plants cannot neet the Order
requi renments of inspecting all the way to the bottom
of the nozzle.

Therefore, the First Revi sed Order revi sed
this requirenent of inspecting to the bottom of the
nozzle, and allows the exam nation to be perforned
fromtwo i nches above the j-groove weld to two i nches
below the j-groove weld or to the bottom of the
nozzle, if less than two inches, or fromtwo inches
above the j-groove wel d to one i nch bel owthe j-groove

weld plus all the area below the j-groove weld that
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have an operating stress of 20 ksi in tension and
greater.

Thi s woul d require a pl ant-specific stress
anal ysis to determ ne any additional area beyond the
one-inch zone to be included for inspection. The
operating stresses considered in the stress anal ysis
consi st of normal operating stresses and the wel ding
rel ated stresses.

This revision reduces the area of the
i nspection coverage below the j-groove weld. The
reduction of inspection coverage is supported by a
revi ew of a nunber of stress anal ysis reports show ng
that a region of two inches |ong below the j-groove
weld will cover all the high stress area wth
operating stresses of 20 ksi in tension and higher.

Thi s i s al so based on a consi derati on t hat
the |ikelihood of crack initiation in the | ow stress
area is | ow

CHAI RVAN FORD: \Where did the 20 ksi cone
fron? 1t presumably relates to sonme data.

MR KOO This is considered low in
conmpari son with the u-strength of the materials, the
nozzle material s. Normal |y, the u-strength of the
nozzle material is in the range of 37 ksi to 65 ksi.

So 20 ksi is about 54 percent of the | owend of the u-
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strengt h.

CHAI RVAN FORD: So there is data, | am
assum ng, to showthat there is no cracking bel ow 20
ksi under all conditions, operating conditions? |'m
just interested to know why 20. Was it picked out of
the air? Was it an engi neering judgnent?

MR. KOO It is basically an engineering
j udgnent , considering the service inspection
experi ence.

CHAI RMAN FORD:  Ckay.

MR. KOO. This is a schematic draw ng of
a nozzl e cross-sectionto showthe requiredinspection
ar eas. The dark area is the area requiring
i nspection. It consists of two inches above the j-
groove weld to two i nches bel ow the j-groove weld or
one inch below the j-groove weld with a stress
anal ysi s.

Thi s i temconcerns t he exam nati on net hods
t hat can be used for an Order inspection. The wording
in the original Oder is very rigid, as it requires
either volunmetric or surface examnations to be
per f or med. In other words, only one nethod can be
used for the nozzle inspection. However, this is not
the intent of the Order

Therefore, in the First Revised Oder it
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permts a conbination of volunetric and a surface
exam nation to be perforned for nozzle inspection.
This gives thelicensees the flexibility to choose the
nost appropriate inspection nmethods to achieve the
requi red i nspecti on coverage, such as whil e the upper
portion of a nozzl e was i nspected by vol unetri c net hod
and sone |lower portion of the nozzle could be
inspected by a surface nethod. There is no
restriction to what nmethod can be used for nozzle
i nspecti on.

CHAI RVAN FORD: | can understand why you
are wanting to maybe rel ax sone of the conditions, but
was t here any anal ysis done of the associated ri sk of
rel axi ng of these requirenments?

MR. KOO In this particular relaxation,
there is no real change in the inspection results
between volunetric versus surface exam nations,
because for surface exam nation you have to inspect
bot h sides of the nozzle. So it would cover the whole
vol ume.

CHAI RVAN  FORD: Ckay. When you say a
combi nati on of volunetric and surface, there is no
prescription as to what that conbination should be?

MR. KOO The next slidewill showyou the

exam nati on ar ea.
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CHAI RMAN FORD: Okay. Oh, okay, this is

rather simlar to that which we saw before?

MR. KOO Right. The green one is the
ul trasonic inspection area, and the red one is the
surface exam nati on.

CHAI RVAN FORD: So we don't have col or on
our things here. So --

MEMBER SHACK: Now can you do the wetted
surface inspection in lieu of the ultrasonic?

MR. KOO. Portions of it. For exanple,
for the bottom of the nozzle sonetines there is a
funnel attached to the nozzle or thermal sleeves or
sonetimes there is a blind zone. By using a bl ade
probe, you know, then you can apply UT or eddy current
on that particular surface to nake up the area or the
vol une.

CHAI RMAN FORD: | don't know if you were
here t hi s norni ng, but we have heard sone questi ons of
t he i ndustry regardi ng probabilities of detection for
these wvarious techniques and for a particular
conponent area bei ng i nspect ed.

Wien you were comng up wth these
criteria, didyou take into account your own anal yses
or probabilities of detection and t he consequences of

t hose probabilities?
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MR. KOO | don't think we have consi dered
that, but interns of the i nspection requirenents and
the frequencies for the high susceptibility plants,
the |i censee has to performbare nmetal visual plus the
NDE every out age.

CHAI RMVAN FORD: If you renenber, back in
the spring of last year we had a very extended
di scussion -- that is, with the staff and wth
industry -- on the whole question of inspection
detection capabilities, probabilities of detection;
and we got a very maybe confused answer. At |east, it
was confusing to ne.

Let ne put the question this way. Was it
your under standi ng of the probabilities of detection
and the detection capabilities -- Wat do you think
you could detect in terns of depth of size by, for
i nstance, ultrasonics?

MR KOO M viewis, sincethisis avery
conpl ex geonetry, | don't think we can say you can
detect every flawin all situations. There is always
sonme kind of a POD. You may nmiss one or two. Since
for the high susceptibility plants you al so have to
perform bare metal inspection on the surface, so in
t he event you m ss one or two cracks, and also it has

to go all the way through the weld and through the
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nozzle, then we can't always find the | eak.

CHAI RVAN FORD: Let nme tell you what is
worrying ne. | amhearing fromvarious people with
and without the industry that -- One comment | keep
hearing is it is inpossibletoinspect volunetrically
wi th any degree of accuracy these conpl ex geonetri es.
| mean, that's a worst case statenent, but | have
heard that.

We saw data this norning saying that you
could detect with a certain degree of probability a
defect in these structures in the j-weld of the order
of 0.1 of an inch. 0.16, | think it was. So | am
hearing two ends of the spectrum and | aminterested
t o knowwhat the staff's perception of that capability
is and how that relates to the safety of these
conmponents.

MR. KOO | believe the UT of the j-groove
weld is very difficult to perform

CHAI RVAN FORD: That is in line with what
| " ve been hearing, but so what? There is a "so what ?"
toit. It worries ne. You say it's very difficult,
and yet what | would i ke to knowis, well, what is ny
danger? Were aml at risk, because we don't have the
technol ogy to inspect reliably?

MR H SER Bill, nmaybe | can add. This
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is Allen Hi ser, Assistant Branch Chief, Materials
Engi neeri ng Branch of Research

The industry does have perfornmance
denmonstration type of requirenents for these
i nspections. So it is not shooting blind with the UT
or the eddy current. So they do have requirenents
that they have to go to EPRI and denonstrate their
capabilities to find flaws.

So fromthat perspective it's -- | think
t he i nspections, as Bill nentioned, are not perfect,
but | think they have a perfornmance requirenent there.
Maybe Pete has some additional information

MR RI CCARDELLA: Thi s i's Pet e
Riccardella. | just wanted to nake a correction. The
data that | presented this norning on the 0.16 being
detectable with a certain probability is for UT at the
tube. It is not intended to cover the j-groove weld.
We don't UT the j-groove weld.

The j -groove wel d as shown here, you do a
surface i nspection by ei t her eddy current or penetrant
type tests. So maybe there i s some di sconnect i n what
the two experts that you have been listening to have
been tal ki ng about.

The UT of the tube, | think, is a very

doable thingwith afairly high degree of reliability,
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and in terms of what the consequences are, we have
concl uded that cracking in the j-groove weld m ght
lead to a leak but, in and of itself, cannot
realistically lead to a nozzle ejection wthout the
crack first propagating into the tube, and that once
it propagates into the tube, then again it 1is
det ectabl e by the ultrasoni cs.

CHAI RVAN FORD: | keep putting you t hrough
this exam and it's not nmeant to be an exam Do you
go through the assessnent of risk? When you say it's
very difficult to inspect, and Pete Riccardella just
told us -- corrected ne on sonme of the facts, do you
i ndependently go through the ri sk assessnment or do you
just take the industry's nethodol ogy? Do you accept
t he industry's nethodol ogy, their concl usions?

MR. KOO You are tal ki ng about the risk?

CHAI RVAN  FORD: The whol e question of
probability detection, the inspection capabilities,
and the risks associated with those -- do you go
t hr ough an i ndependent eval uation?

MR COLLINS: So far, | believe nore of
our anal ysis for the inspection plan has been through
a determ ni stic approach rather than a probabilistic
at this point, or |ooking at specific areas of risk.

We are | ooking at what is necessary to detect flaws
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within the high stress region, what should be the
i nspection zone, and how we can back up things |ike
the bare netal visual which has had a problem wth
detecting | eaks through the volunetric, naking sure
t hat that i nspection zone coverage i s sufficient, and
that the tine periods are adequate.

MR HSER | think, Dr. Ford, | al nost
read into what you said |ike there are nmultiple risk
submttals that staff has received, but there isn't.
There's one that Pete Riccardella described that, |
think, the staff received naybe a nonth and a half,
two nont hs ago. So the staff is in the mdst of
reviewi ng that at this point.

CHAI RVAN FORD: Maybe |' m not expl ai ni ng
ny problem sinply. | recognize that there are
accepted UT inspection procedures. You got teans on
it, EPRI, NDE, Center going through an eval uati on as
to what their capabilities are for detecting. So
that's the fact. That is the technological fact.

The fact that they don't have a
probability of detection of 100 percent of all the
areas of that conponent, subassenbly, neans t hat t here
are, therefore, this risk. Pete Riccardella has gone
t hrough the consequence of that by their anal yses.

My question is: Do you do separate
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i ndependent anal ysis to assure yourselves, to assure
ourselves, that in fact we are safe? That's ny
qguestion. Does the NRC do an i ndependent anal ysi s or
the risk?

MR. HI SER:  The NRC has not performed an
i ndependent risk analysis, no. W have not.

MR.  COLLI NS: But our inspection by
defense in depth allows us tw verified ways of
verifying a |l eak path determ nation. W have a bare
netal visual which identifies if any |eakage has
reached to the head. As well, through volunetric we
require a l|leak path determnation and through a
surface exam nation by examning all surfaces,
including the j-groove weld surface, provide that
defense in depth to the best of our inspection
capabilities at this point.

Quite honestly, as far as what additi onal
i nspections we could perform to ensure that was
necessary --

CHAI RMAN FORD: No, no, | recogni ze there
isalimt to what the technology can do right this
instant. That's a fact. That's areal fact. Al |I'm
just asking is, given those limtations, have we done
i ndependent anal yses of the risk. That's all

MR KOO To answer your question is no, we
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haven't done any.

Okay. This table is a sunmary of all the
plants that were found to have cracked or | eaking
penetrations. So far there are a total of 15 plants
that were found to have cracked or |eaking
penetrations. O the 15 plants, ten plants were found
to have |eaking penetrations, and five plants were
found to have only cracked penetrati ons.

Al'l plants are high susceptibility plants
with the exceptions of MIIstone Unit 2. MIIstone
Unit 2 was a noderate susceptibility plant when the
cracks were found, with an 11.6 EDY. 11.6 EDY is very
close to 12 EDY, which will qualify the plant to be a
hi gh susceptibility plant.

So far, the inspection results appear to
support the susceptibility ranking criteria in the
Order, since alnost all | eaking or crack penetrations
were found in the high susceptibility plants.

This slide shows some statistics of the
i nspection dat a. So far, about 140 vessel head
penetrations were found to be cracked,with a total of
about 393 cracks in the nozzles or associated wel ds.
Twenty of those cracks were circunferential cracks at
or above the j-groove weld, and 55 of those cracked

nozzl es were | eaking.
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| would like to point out that several
high EDY heads were not inspected prior to
repl acement. Therefore, the total nunber of crack
penetrations could be higher, if those plants were
fully inspected.

| al so woul d I'i ke to point out that an NDE
i nspection has not been perforned on the |[|ow
susceptibility plants.

This slide summarizes the vessel head
repl acenent activities. A total of 11 plants have
repl aced the upper head. Ten heads have Alloy 690
nozzl es, and t he one has Al l oy 600 nozzle. That is at
a Davi s-Besse plant. In addition, 22 plants have
announced plans to replace their vessel upper heads.

Two i nst ances of high crack growth rate at
t he upper head nozzl es were report ed. One instance
is at MIlstone Unit 2. A few nozzles were reported
to have a crack growh rate of over 50 percent
t hroughwal I in one cycle. The cracks were |ocated
bel ow the j-groove wel d.

The second i nstance i s at Arkansas Nucl ear
1 Unit --

CHAI RVAN  FORD: Just to make sure |
understand, MII|stone 2, 50 percent throughwall?

MR KOO Yes.
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CHAl RMAN  FORD: Thi s was not a

circunferential crack? It was an axial crack?

MR KOO Yes, axial crack.

CHAI RVAN FORD:  Ckay.

MR KOO The second instance is at
Arkansas Nucl ear One, Unit 1. The growth of an axi al
crack was reported to have a crack growh rate over
1.3 inch per year. The crack was located at the
out si de di anmeter of the nozzle in the weld region.

These two i nst ances of apparent hi gh crack
growh rate at the nozzles need to be further
evaluated to determne if it is bounded by the crack
growt h equation used in the rel axation request.

CHAI RVAN FORD: | can't do the conversions
easily, but is 1.3 inches per year -- \Wat percentile
is it of the database? It nust be way, way out of
sight. That being the case --

MR. H SER  Si x hundred percentile.

CHAI RVAN FORD: Wl |, anusenent asi de from
that, is there an explanation as to why the cracking
at that rate?

MR KOO At this time, we don't really
have any solid basis for this crack growh rate.

MR. COLLINS: But thiscrackisidentified

in the j-groove -- fromthe j-groove weld region of
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the nozzle in the heat affected zone i n which we have
i ndi cations and data supporting significantly higher
crack growth rates.

We do an analysis for the j-groove weld
area, and while we require the inspection of the
nozzl e material underneath the j-groove, it's because
we don't give credit for this j-groove wear area for
a crack to grow axially through that area for crack
growt h anal ysi s to determ ne a suscepti bl e i nspection
zone beneath the j-groove weld.

CHAI RVAN  FORD: Hol d on. Let's just
follow this for justa wee mnute. W heard this
norning that the industry were taking into account
very high crack growm h rates had been seen associ at ed
wi th cracking right next to the weld fusion |ine, and
you are telling me this is --

MR. COLLINS: This is one of those cases.

MR, KOO Yes, there's an interface
bet ween the weld and the nozzle.

CHAI RVAN FORD: And | also heard this
norning that at 1.3 inches per year you could have a
situati on where you could -- within a refuel cycle,
you coul d have a substantial amount of crack into the
annul us.

MR. COLLINS: The way this crack would
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grow would be through -- This is through the weld
material. So it would have to go through the triple
point where the nozzle neets the weld neets the
butter. So we have this accelerated crack growth up
to that point.

Once it reaches that point, it would
either have to gointo the nozzle material to continue
togrowlarger or intothe head material or the butter
material, which would have a greater resistance to
crack growmh in those areas. So at this point --

CHAl RMVAN FORD:  Well, | apol ogize, but
this is going beyond inspection aspects, but it is
interest. W' ve now got a whole |lot of information
from the BWRs showi ng that you can get extensive
cracking right adjacent to the weld fusion line at
hi gher rates than nornal .

We've got one for the -- data in the
| aborat ory showi ng a factor of 30 hi gher crack growth
rates for Alloy 600 adjacent to the weld fusion |line,
and now we've got one in the field.

So why shouldn't | assume that we are
going to see many nore of these, and that the "so
what ?" of it is that it may not be a safety i ssue from
t he cracki ng poi nt of view, assuming it remins axial,

but it would be of consequence as far as wastage is
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concer ned.

MR,  CCLLI NS: But we feel that our
i nspection program for high susceptibility plants
woul d protect against wastage of the head for even
this particular crack growth. It's just a data point
which we are identifying it, and as well we are al so
| ooking into the data to make sure that we have a full
grasp of the situation at ANO  This happened j ust
this particul ar outage.

MEMBER SHACK: How hot is the ANO head?

MR. COLLINS: ANO is one of the highest
EDY heads, and | believe they are scheduled for
repl acenment very soon.

MR H SER:  Around 600.

MR. COLLINS: Oh, I'msorry.

MR. H SER Take confort forma coupl e of
things. |If you are a noderate susceptibility, high
susceptibility plan, you are doing an inspection of
every nozzl e every outage.

CHAI RVAN FORD: Ri ght.

MR.  H SER If you are a noderate
susceptibility and you have a crack that runs through
that interface, it allows a Ieak. You are either
doing a bare netal visual, which should detect

evi dence of the |eakage, or you are doing a UT or
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surface exam which will detect the cracking.

Al so, if you are doing a UT, you are doi ng
an annulus -- an interface fit zone check to see if
you have any | eakage. So you would identify the | eak
t hat way.

| think one point Jay was trying to make,
for the relaxation requests due to limts on the
nozzles, the interface zone is not included in that
analysis. W do not allowthe cracks to growup into
t he nozzle el evation adjacent to the weld. So that
area is cut off.

So the higher crack growth rate is
excluded fromthose analyses. It is a concern that
there is higher crack gromh rates, but we think at
this point that theinspections will capture any rapid
cracking that is not anticipated.

As you nentioned, these are axi al cracks.
They do not pose a significant safety i ssue withinthe
one cycle that they coul d propagate.

CHAI RVAN FORD: Yes, but it could affect
t he wast age.

MR. H SER  Absolutely. But | think, you
know, there should be an expectation that, when you
start a cycle, that you do not have a |l eak and, if you

are doing a |eak, you probably do not have a crack

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

214

there. So you have a certain period of tine before
you begin to | eak during a cycle that you coul d | eak.
So that would tend to restrict any degradation that
coul d occur.

CHAl RVAN FORD: Thanks very nuch. Sorry
| got you off track

MR. KOO The last slide will discuss the
staff's long term goal to codify the specia
requirenents to ensure structural integrity of the
vessel upper head and associ at ed penetrati on nozzl es.

The staff consi ders t hat t he
i mpl enent ati on of upper head i nspection requirenments
through the Oder is a tenporary or short term
nmeasure. For long terminspection requirenents, it
shoul d be incorporated into the regul ations.

There are two nethods we can use to
i mpl enent  the inspection requirenents into the
regulations. One nethod is to endorse the new ASME
code requirenents, if the new code inspection
requi rements are acceptable.

The i ndustry is currently worki ng on such
an inspection plan. However, it is difficult to
predict how long it would take to conplete this
pr ocess.

The other method is to proceed with the
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rul emaki ng process to incorporate all the inspection
requirenents intothe regul ations. This process woul d
t ake about two years to conpl ete.

The staff has already initiated a
rul emaking plan to incorporate all the inspection
requirenents into the regulations. |If the proposed
plan i s approved by the Comm ssion as schedul ed, the
staff expects the subject rulemaking plan wll
conpl ete by June 2006, about two years |later.

CHAI RVAN FORD: The ASME code requi rements
-- nodifications tothem-- generally take sone tine.
So is it reasonable to suppose that you will probably
go with the second -- proceed with the rul emaking
rather than rely on waiting for an ASME code
provi si on?

MR. KOO Well, we can go two nethods in
parallel.

CHAI RVAN FORD: Why does it take two years
to alter the rule?

MR. COLLINS: That is the current process
of issuing theruling. W w Il be before you again a
couple of times to show you where we are as far as
t hat rul emaki ng pl an.

MR. H SER. That's just the proposed rul e

and then final rule process. That's just the tine
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frames that are invol ved.

CHAI RMAN FORD: Just because of goi ng out
for public comment and all that?

MR. H SER  Public coments and --

MR. KOO  Public comments. There is a
period open for public comments, yes.

MR H SER Scheduling neetings wth
groups |i ke ACRS.

CHAI RMAN FORD: Maybe | shouldn't say
this, but it worries ne that we are all saying, hey,
that's just what it takes within this bureaucratic
or gani zati on.

MR H SER. Well, but that's why we have
vehicles like Orders, so that if we have to i npl enent
somet hi ng i mredi ately, that can occur.

MR. COLLI NS: And the rul emaking plan
allows us to take i n stakehol der i nput, as well as the
industry input. It gives themtine in that tinmetable
and the framework so that we can proceed ahead and
gather in all information avail able.

CHAI RVAN FORD:  Ckay.

MR. KOO. This conpl etes ny presentation.

CHAI RVAN FORD: Thank you very nuch, Bill.

MR. KOO Fol | owi ng ne, Meena wi || di scuss

the BWRVI P i ssues.
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CHAI RVAN FORD:  On, good.

DR. S| EBER: Do you have to recuse
yoursel f?

CHAl RVAN FORD: My col | eagues tel |l ne that
| have to recuse nyself fromthis. No?

DR SIEBER  Recuse, not accuse.

CHAI RVAN FORD: Al len, would you like to
i ntroduce the research people, please?

MR. H SER. Yes. As you will see, we have
nunerous activities in support of NRR on vessel head
penetrati on and head wastage. Dr. Bill Cullen wll
provi de of many of those activities and will go into
sone depth on a couple of them

Then we have Dr. Gery WI kowski will talk
about sone of the leak rate work that we are doing.
| think a little bit on vessel head penetrations,
maybe a little bit nore on sone pipe |eakage, |
believe. But, Gery will go over that, along with some
resi dual stress cal cul ati ons.

Then, Dr. Bill Shack will tal k about some

probabilistic calculations that he has been doi ng as

well. The first will be Dr. Bill Cullen

DR. CULLEN: Thank you Allen. [|'mgoing
to talk about -- is there any indication we should
wait a couple nore mnutes for some folks to -- it's
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slim pi ckings here.

CHAI RVAN FORD: Wl |, nothe otherswill--

DR CULLEN: Al right. 1'mgoingto talk
about several itenms, as Allen indicated. Anmong the
maj or things that | will be tal ki ng about is a summary
of the work on corrosion and boric acid sol utions that
has been essentially conpleted by our contractors at
Argonne National Laboratory.

And | will go over sone of the,
particularly the wastage, corrosion rate i nformation
that we have obtained fromthat particular program
"1l alsotalk alittle bit about the decontam nation
NDE and destructive exanms of nozzles that have been
renoved fromthe discarded north end, the two head.

| alsow !l nmention the fact that we w ||
be I ooking later this year at a couple of the nozzles
t hat have been recovered from the discarded Davis-
Besse head as wel .

| will talk very briefly about some of the
work that we are headed for on the testing of crack
growh rates in alloy 690 and 152. And | will just
ki nd of al nost in passing nention a fewof these other
itenms down here at the bottom

kay. The forecast program at Argonne

consists of four tests. The first one is to
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eval uation crack growh rates in naterials that have
been renoved fromnozzl es out of the di scarded Davi s-
Besse head.

We are not going to report any data from
this program today. W have conpleted a couple of
tests onthe CRODMmaterial, and on the attachnment wel d
mat eri al .

We are involved in sonme replicate testing
on those materials at the present time. This work is
alittle bit difficult to acconplish. The specinen
size of necessity is fairly small

The wel d, in particular, was rather poor
quality. Argonne foundit difficult to get a specinmen
out of there that didn't al ready have cracks in the
thing fromthe | ack of fusion, sone of the porosity
i ssues that were in that particular weld.

However, 1'd like to say that, wth
respect tothe CRDMmaterial, the nmetal ography that we
did onit, the yield strength testing that we did on
it, or stress testing, suggested that it would be a
relatively good quality alloy fromthe standpoi nt of
crack growth rates.

In other words, the yield strength was
nom nal, or about in the mddle of the range. The

net al ogr aphy | ooked pretty good, and adequat e anmount,
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shall we say, of carbide precipitation on the grain
boundari es.

Nonet hel ess, the prelimnary results --
and | really want to stress that these are
prelimnary, and repeat again that we are doi ng some
replicate testing -- did indicate a fairly high, in
terms of the percentile, against the existing
dat abase, or within the existing database, a rather
hi gh crack growh rate.

| think, just stand by. We will get sone
nore testing done, nore data on that, certainly by the
end of this calendar year. | heard you nention this
norni ng about a neeting in the Fall.

Per haps we wi || have anot her chance to be
alittle nore specific about these particul ar results.
You wll hear later this afternoon about the
conput ati onal nodel fromthe probabilistic assessnent
of the initiation and tine to | eakage of a CRDM

And Dr. Shack will be tal king about that
right after Gery and | get done. | do want to spend
some tine talking about the wastage rates in
particular, and alittle bit on the el ectric/chem cal
potential testing that was done for sonme of the
materials that are typical of structural materials in

a reactor head.
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So, inthe corrosion tests that were done
at Argonne, these are kind of the goals and sone of
the details of the testing that we did, we were
particularly interested in corrosion of the lowalloy
steel and of 308 Stainless representative of clad in
both flowing and quiescent solutions of varying
concentrations over a rather substantial tenperature
range.

You heard @ en White this norning say t hat
probably the solutioninthe Davi s-Besse cavity was at
or near about 100 degrees centigrade. We will show
sone data corresponding to that.

W al so did sone testing in nore nom na
PWR cool ant chemi stries, both de-aerated and aer at ed.
But it's the de-aerated versions that we are
interested in here.

There was a question -- was it fromyou?
-- this norning about the wastage rates. O was it
from G ahan? But, wastage rates in pressure vessels
where the clad had been exposed.

Participant: | had that question.

DR. CULLEN: Okay. We've got alittle bit
of data to showy about that. And, lastly, and | wll
spend a little bit of time on this, Argonne has nade

sone det erm nati ons of corrosi onrates i n what anounts
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to nolten boric acid.

That's not an aqueous solution, that's
basically boric acid. Al t hough, it was with or
without a little bit of humdity. But we will see
sone slides on that.

CHAI RVAN FORD: The end result is goingto
be an enpirical relationship of corrosion rate for
A533B as a function of tenperature --

DR CULLEN: Right.

CHAI RMAN FORD: -- boric acid.

DR CULLEN: Sol ution concentrations.

MR. GAULKER: Sol ution concentrations and
flowrate. Is that right?

DR CULLEN: Well, | would take out the
flowrate alittle bit. Wedidslowy stir. Youwl|l
see in a mnute. Wll, by slowy stirring is 50BM
roughl y.

That' s not i ntended, | et nme just pre-input
what you m ght say, not intended to be an erosion sort
of neasurenent.

CHAI RMVAN FORD: Ri ght.

DR.  CULLEN: It's just intended to be
stirred.

CHAI RVAN FORD: Stirred, | understand.

DR. CULLEN: Erosion was not a part of our
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pr ogr am

CHAl RVAN  FORD: So, where in the
experinental matrix or calculation matrix are you
going to come up with a correl ati on between flowrate
tenperature and --

DR CULLEN:. Ckay, again, take --

CHAI RVAN FORD: -- and | eak rate? That
sort of thing.

DR. CULLEN. On, leak rate. GCkay.

CHAl RVAN FORD: Tenperature and --

DR CULLEN: To me you have pulled in
three things fromfairly wi de open spaces.

CHAI RVAN FORD: Because | eak rates i s what
you measure?

DR, CULLEN: Leak rate is what you
nmeasure, right. W, in this particular program our
obj ective was kind of the first thing that you said,
to get a mtrix of <corrosion rates and ECP
measurenents as a function of solution concentrati on,
tenmperature, and the materials that we were interested
in, alloy steel, stainless steel, clad, alloy 690.

Flow rate was never a part of our
particular program | can't renmenber whether den
specifically mentioned this norning that flowrate is

a part of the industry program
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But, | do knowthat it is, okay? It's not
ny position to speak about the industry program But
| do know that they are fussing with that in some
detail .

W did not. The other part of your
guestion, Peter, was on |eak rate.

CHAI RMAN FORD:  Yes.

DR. CULLEN: And, again, our program this
part of our program was not intended to correl ate or
bring intothe mx as a variable the | eak rate and t he
corrosion anmounts or wastage resulting fromsuch and
such a |l eak rate at such and such a tenperature.

You know, we had kind of a nore closely
defined matri x that was just, as | indicated, solution
concentration and tenperature for several material s.
kay?

Again, let me -- I'mnot being apol ogetic
about that particularly. W defined a programand we
went for it. | do know that the industry, in their
mar k-ups in the 2005 and six time frame, they are
going to be | ooking at experinents which will nore
directly address your question.

CHAI RMVAN  FORD: But, the thing that's
going to cone out of those is corrosion rate is a

potential tenperature and boric acid concentration.
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DR. CULLEN: Correct.

CHAI RVAN FORD:  And, ny thought is, how
does that help ne in trying to resolve my probl em of
wast age in one assenbly and nothing in the adjacent
assenbl y.

Bot h have got liquid in the endings. It
doesn't help with that problem is that right?

DR. CULLEN. | think that's fair to say.
And, again, | don't want to be apologetic that we
didn't hone in on that particul ar question or get to
t hat particul ar answer.

CHAI RVAN FORD: So, how does know ng what
that -- is fromthese experinents, how does that hel p
nme in managing ny boric acid --

DR. CULLEN: The only thing that | can
t hi nk of saying there is that we need, you know, sone
t hermo hydraulics people drug intothis thingto talk
about what happens to the sol ution under certain | eak
rate conditions.

| f people with other types of expertise
can tell us what that solution would arrive at, or
woul d condense to, then we can probably say sonet hi ng
about corrosion rates in the various structural
materials that may be exposed to it.

MEMBER KRESS: You have a dynamc
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situation. So you will have to do this all in the
function of time, because the leak rate is probably
changi ng at time, and you got circul ati on patterns, if
you've got wastage, and a different tenperature
distribution's in that wastage area.

So, it would be a dynam c situation.
You're right, there's no use trying to do all of that
in one set of experinments. This attacks one part of
it.

DR. CULLEN. It does attack one part of

MEMBER KRESS: I n the other part you m ght
be able to do nostly by anal ysis.

DR.  CULLEN: And, basically we were
attacking the equilibriumconditions.

MEMBER KRESS: Yes.

DR. CULLEN. Now, you will see sone plots
of corrosion or wastage versus tinme. You could do
some derivatives and things. But, again, that was not
t he objective that we were seeking in this.

MEMBER KRESS: Did you take your boric
acid solutions all at the saturation |evel?

DR CULLEN: Yes, we did.

MEMBER KRESS: Ckay, so you did cover the

full range.
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MEMBER SHACK: And, just Peter, | nmean,

you do get the information that you need to know
whet her a bare netal visual exam ne every outage w ||
gi ve you a reasonabl e assurance that you' re not going
to chew away enough of the head, you know, assum ng
that all nozzles |eaking will chew hol es.

You can at |east bound the upper rate.
You know, maybe you can't yet predict what fraction of
it wll chew it up, but you assured yourself that
you're not going to | ose the head, which is what we
really --

DR. CULLEN. If you're tal king a saturated
solution at the optinum tenperature, that bound is
pretty short.

CHAI RVAN FORD: You will say hey, one
inches to two i nches per year is a bad situation. But
is that a kinetic limtation to that volune? Wy
can't you have ten inches per year?

| nean, if it does, we wanted two inches
per year at one tine, | would have said whoa. But now
you're saying -- |I'mcountering, say, why can't it be
ten inches per year?

Is there a kinetic limtation, diffusion
l[imted or whatever it mght be? That's the real

qguestion that we shoul d be asking ourselves. Are we
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or not?

You' re going to go through al gorithnms and
say, whoa, |I'm going to have a -- potential
t enmper at ure such a conbi nation to get to one inch per
year -- thing's a wee bit. Could you get ten inches
per year?

DR. CULLEN: One part of ne is halfway
agreeing with you. But the other part of ne is saying
we need to be realistic about this too. W could, in
the |aboratory, conjure up sone very aggressive
experinments that would give us a very high kinetic
rate of wastage.

But, is that experinment relevant to
sonet hing that m ght happen? | don't know.

CHAI RMVAN FORD: Ten inches per year is
easily at your machining rate.

DR. CULLEN. That's about right.

CHAI RMAN FORD: Wl l, it is possible, to
get ten inches per year

DR. CULLEN: Yes, | wouldn't deny that.
But, you know, again, are you going to get anything
like that sort of like that sort of conditions, those
sorts of conditions, over |ong periods of tine?

MEMBER WALLI S: Well, you're going to

answer that question, aren't you?
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DR CULLEN: I'mnot goingtotry toquite
answer that question. But, we'll get sone data that
tal ks about sone of the kinetics of this, yes.

MEMBER WALLI S: Doesn't oxygen nmatter
her e?

DR CULLEN: It certainly does.

MEMBER WALLI S: Wher e does t hat cone fronf

DR. CULLEN: About three or four slides
down the road.

MEMBER WALLI S: Ch, okay.

DR. CULLEN: Let'stalkalittle bit, just
a schematic of how many of these experinments were
conducted. You w || see in another what this stack of
speci nens | ooks Iike.

But, we had various materials supported on
a rotating rod, driven by an electric notor at the
top. This m xture down here could be either nolten
boric acidin sone experinments, or an aqueous sol ution
at various concentrations in other types of
experi ments.

In the experinment where we had nolten
boric acid down in here, this funnel was used to drip
water into this boric acid solution so that we woul d
very slightly hydrate the boric acid.

And you will see in a mnute or two that
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sone of the nobst interesting results that we got in
this test programare fromthis particul ar experi nment.
So, again, just to repeat, so we are on the sane page
here, we did experinents in both agqueous sol uti ons of
boric aci d at vari ous concentrations, rangi ng fromPWR
coolant typical to fully saturated at specific
t enper at ur es.

And we also did kind of a second set of
experiments, if youw ll, in straight boric acidwth
and wi thout slight water additions.

CHAl RVAN FORD:  You were -- it so that
it's not diffusionlimted? It's kineticslimtedin
sone way? Are you --

DR. CULLEN: | would say maybe kind of
hal f and half on that particular answer. VWhat we
wanted to do was make sure that the solution was
stirred so that we didn't get --

CHAI RVAN FORD: The anmount of stirring
makes the difference to the rate of reaction?

DR. CULLEN: | would tend to say yes. |I'm
not sure | renmenber an experinent. W didn't do
anyt hing dead stated. | didn't think we did the dead
static.

We didn't just stick it in there and wal k

away. Every time we did this experinent we were
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rotating at least a little bit slowy.

MEMBER WALLIS: But, if you're going to
devel op a theory, you have to put in the diffusion and
the turbo m xing and all that stuff, don't you. You
have to get it under control?

MEMBER KRESS: Unl ess you are fairly sure
t hose not controll ed.

MEMBER WALLI S: Unl ess you're sure there's

MEMBER KRESS: | woul d suspect that's not
t he control.

MEMBER WALLIS: Well, | don't know.

DR. CULLEN: In away we are trying to, by
adding the variable of rotation, we are trying to
sinplify the expl anation of the experinent so that we
kind of took out this business of diffusion and
boundary | ayers, and stagnation, and all that.

W triedto get an experinment where we get
down to a set of variables --

VI CE CHAIRMAN SIEBER:. 50 RPMis pretty
fast.

DR CULLEN: Well, once a second or a
little less. It's not exactly surf type stuff.

MEMBER KRESS: M guess is the chem cal

kinetics is controlling this.
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MEMBER WALLIS: A guess is no good. |

want an answer.

MEMBER KRESS: M guess i s based on years
of research --

DR. CULLEN: Here's a look at the tests
t hat our guy put together for this program nany of

whi ch were A533B. W put sone stainless steel welds

in there.

Fromtine to tinme we put sone alloy 600 in
there. You'll see some of the experinmental data a
specific time intervals, like after 24 hours, after

100 hours, after such and such and such and such.

Speci mens wer e put in, taken out, repl aced
as this experinment went on. So, as an exanple, in
this stack of specinmens, this stack of speci nens may
have been i mersed for |ike 24 hours.

At that point, sonme were renoved and
repl ace with brand new speci nens, and the corrosion
was neasured on the specinmen taken out at 24 hours.
The ot her speci nens conti nued on.

So, you kind of had a m xture. W'l see
an exanpl e of howthat works | ater on. But, a typica
sanple size is a half an inch in dianeter, about a
hal f inch | ong.

So, not particularly big, but enough to
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get accurat e wei ght | oss neasurenents on t hese t hi ngs.
This is a picture of a typical stack of specinens. |
say typical, it probably was typical

The alloy 600 and stainless steels are
down here at the end. Still, after a maxi nrumof 411
perhaps 311 hours -- 300 or 400 hours -- in a
saturated boric acid solution at essentially the
boi I i ng point.

These specinens still |ook pretty good
down here, nice and cl ean and shiny. These are A533B
speci nens here in the mddle. Sonme have 311 hours.
O hers have 411 hours.

But you can see there's been substantia
material |oss from these specinens. This is the
al um num support, the stirring rod up at this end.
Everything was separated so there was no gal vanic
di fference anong these various materi al s.

So, they are all electrically isolated.
And we were able to neasure, essentially, a pure
corrosion rates.

MEMBER KRESS: Can you operate this thing
under pressure at fairly high tenperatures?

DR. CULLEN: This particul ar experi nent al
setup, no. Oher tests were done at tenperature and

pressure. And we will see a little bit of that data
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goi ng on.

But, this stack, this techni que was used
at basically --

CHAI RVAN FORD: You' ve got sone beauti f ul
sketch. Obviously the alloy steel corroding. But
you' ve got sone steps though

DR. CULLEN:. We do. Well, this is two
different materials. I'mnot really sure what that
busi ness is right there.

CHAl RVAN FORD:  Yes.

DR. CULLEN: | would tend to think it's,
you know, | didn't ask specifically, whether it's two
speci mens that have cone toget her, or whether there's
an Oring there at one point.

Yes, | don't know. | just don't know
that. But | can clearly see that there's a break right
there. Since there's an Oring here and an O ring
here, we know that that's a unique specinen in
bet ween.

MEMBER SHACK: |If he did 8533, he may not
have separated the m with Orings. If he had no
coupling, then he could just put the rings together.
And ny guess is that's what you're | ooking at.

CHAl RVAN FORD: That's true.

PARTI Cl PANT: What is the 8533? |Is that
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the 600 alloy material ?

DR. CULLEN. That's the low alloy steel
for a typical pressure vessel head of that area.
Pressure vessel head nowadays are bei ng made nore of
508 than they are of A533B.

But, that was the plate material that 35
years ago was general ly forned and per haps one or two
or up to six welds in a given head, depending on the
fabricator and howit was all put together. A533Bis
the plate material fromthis era.

CHAI RVAN FORD: So, this is an ei ght of an
i nch before, or sonething |ike that? You are getting
a --

DR. CULLEN: No, | think the batteries are
just losing contact every now and then. And |'ve got
spare batteries as well.

VI CE CHAI RVAN SI EBER: G ve hi ma hanmer.

DR CULLEN: Isthat alittle distracting.

CHAI RMAN FORD: Thi s i s about a quarter of
an inch a nmonth, you said?

DR. CULLEN: 1've got another | aser here.
|"ve got two |asers here. | can fire away with two
hands. Okay. So this was a typical stack of
speci nens. Now, here's a little bit of data that we

got out this thing.
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|'m going to point out again that the
colors or the cross hatching tell you how | ong these
mat eri al s have been exposed to the environment. Now,
one of the main points of all this, is to denonstrate
that corrosion rates, at the very beginning of
exposure, are a bit higher than they are later on.

Note that thisis alog, log, flop on the
axis here. So, be aware of that. During the first 24
hours, the corrosion rate here would be alittle | ess
than 90 mllimeters per year, going down to about 75
or so if you |look over the first 100 hours.

And if you |ook under just the last --
help me out here -- 76 hours, the corrosion rate is
dowmn to about 50 mllimeters per year. So, the
corrosion rate drops off by not quite a factor of two,
as you go on in tine.

So, for a very fresh surface of materials
that are exposed to these environnents for the very
first tinme, right away, corrosion rates are a bit
hi gher over the short-term than they are if you
integrate over the longer term That's fairly
i mportant, so this.

VI CE CHAI RVAN S| EBER: Way does that
happen?

DR. CULLEN: e didn't | ook
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mechani stically at all of this. But, you know, ny
kind of assunption is that these things build up a
filmor alayer of the corrode -- of the oxide that is
f or med.

And that kind of prevents or at | east
sl ows down access of the solution to the virgin netal
under neat h.

VI CE CHAI RMAN SI EBER: | woul d t hi nk t hat
woul d occur for a period of time and then remain
relatively constant after that.

DR. CULLEN: At this rate, yes. Wel |
what's a period of tinme here? You know, is the first
100 hours the --

VI CE CHAI RMAN SI EBER:  Right, it may not.

DR CULLEN: WIIl it stabilize after the
first 100 hours, the first 1,000 hours, whatever?
But, it turns out, as far as we can tell, that these
rates out here -- I'll showyou a little bit nore.

There' s anot her slide com ng up that kind
of plots these versus tine. And you can see that by
100 or 200 or 300 hours we have pretty well flattened
out .

MEMBER WALLI S:  Where do the products of
corrosi on go?

DR. CULLEN. Well, that's an interesting
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guestion. W did a couple of experiments. And you
will see a data-point comng up here. But, for the
nost part, the solutions were not renewed.

So the corrosion products just went into
t he beaker, went into the container. Since these are
still relatively short tests, lasing at nost a few
hundred hours, the solutions build up in these
corrosi on products.

MEMBER WALLI S: That doesn't affect the --

DR. CULLEN: On, | guess it does. And
that's one of the data points that we will see. It
defiantly does. The buil d-up of corrosion products in
t he sol ution does slow things down.

MEMBER WALLIS: Right.

DR CULLEN: So, you know, was that what
was happening in, for instance, Davis Besse? Well,
maybe so, maybe not. | nean, we probably feel -- |
feel Iike that cavity was kind of getting flushed out
with some regularity.

Certainly an awful | ot of water was coni ng
in. And there's certainly evidence, froml ooking at
the head, that it was flowi ng out and over, shall we
say.

You know, but clearly we would have to

have corrosi on products in that pool at the top of the
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Davi s- Besse head. COkay. So that's what this datais.
The low alloy steel is over here on the left-hand
si de.

Pl ease not that the stainless steel weld
or cladding type materials over here had very |ow
corrosion rates of the order of a mllinmeter, one
poi nt something m|lineters per year corrosion rates
in the stainless steel cladding.

So that helps us to understand why the
cl addi ng at Davi s-Besse did not seemto be degraded,
in terms of wastage. Now, we do know about the
exi stence of sone cracks that were in that clad.

But, as far as the wastage goes, if you
| ook at sone of the slides, the micrographs that were
gener ated by BWKT as a part of their work on that, you
can see sone evidence of pitting here and there in
t hat cl ad.

But, all in all the quality of the clad
| ooks pretty good.

VI CE CHAI RVAN SI EBER: Al I the cl ad cracks
could have been there from the beginning, or they
coul d have been caused by plastic deformation.

DR CULLEN. We're all hypot hesi zi ng about
that. But, the norphol ogy of the cracks does really

smack the intergranul ar stress corrosion cracking.
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VI CE CHAI RVMAN SI EBER:  Yes, okay.

DR. CULLEN: And, you know, ny thinking,
remenber that was clad, it was intimtely bonded to
the I owal |l oy steel back in 1970 sonet hi ng or anot her.
It's hard for ne to i magi ne that a network of cracks
as extensive as what we ultimately found in the
exposed clad could have been there from day zero.
That' s anot her day, another topic.

MEMBER KRESS: When | see corrosion rates
inlowliters per year, | imediately bringto mnd a
simlar flat surface.

DR CULLEN  Yourself.

MEMBER KRESS: You have circular,
cylindrical tubes.

DR CULLEN: Yes.

MEMBER KRESS: |s there correction needed
for the change in surface?

DR CULLEN: These corrosion rates are
cal cul ated fromweight loss. And there was wei gh --
in that type of test.

MEMBER KRESS: But, is there correction
needed to the surface area change? O is this too
small a change its surface area to nmmke nuch
di ff erence.

DR. CULLEN: Well, it's a |loss of about
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hal f of the volune. So it's not too small. It's a
guestion | don't --

MEMBER KRESS: | don't have a probl emw th
mllineters per year. But --

DR.  CULLEN: | understand what you're
saying. Certainly, for the zero to 24 hour range,
we' re probably good to go.

MEMBER KRESS: Yes.

DR. CULLEN: Just a linear, radial
corrosion rate. As to the question, I'Il have to get
an answer for you. I"m not sure exactly how the

contractor did that. Good questi on.

PARTI CI PANT: Dr. Kress, are you getting
t o maybe t hey shoul d have used the cylindrical view of
t hi s?

MEMBER KRESS: O course these were
cylindrical specinens, yes.

PARTI Cl PANT: Rat her than the i near-type
prints?

MEMBER KRESS: Yes.

MEMBER WALLI S: But the area changes, your
point is --

DR. CULLEN: Correct. Yes, the surface
area is constantly decreasing as this test proceeds,

and particularly, you know, the decrease i s spastic at
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t he begi nning, not at the end.

MEMBER WALLIS: Right.

PARTI Cl PANT: You're dealing with a
concentration profile, just like you would in a heat
transfer problem or anything el se.

MEMBER WALLI S:  Are they cal cul ati ng mass
and dividing by the original area?

DR. CULLEN: That's my understandi ng,
that's correct.

MEMBER WALLIS: Soit's not really a true
mllineters per year, is it?

DR CULLEN: No. Not give the question
that was asked earlier here. It's a good point.
We'l| get this straightened out. The report i s under
review. | just received the report |ast week.

And that clearly becones one of the
guestions that | should ask. Thank you. Gkay. This
slide will begin to answer several of the little
i ssues that we have chatted about here in the |ast
coupl e, three m nutes.

For one thing, thisis the corrosionrate
ki nd of as a function of exposure tinme, or corrosion
rate versus tinme, if youlike. And you can see that,
as you get out in around 300 hours or so, this has

fairly well flattened out.
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So, that kind of answers on question that
ultimately you kind of get to an equilibrium or
stabl e situation where the corrosion rate, the oxide
formati on, and all have kind of bal anced each other
out .

As | nmentioned earlier on, the corrosion
rates towards the beginning are the fastest. At the
end of 24 they are at a maxi num for saturated and
aerated sol utions.

They are close to about 100 millimeters
per year. In the saturated but de-aerated sol ution,
for sonme reason --

MEMBER WALLI'S:  Four inches a year?

DR. CULLEN. That is correct.

MEMBER WALLI S: Thank you.

DR. CULLEN:. That is correct. At the very
begi nning, for arelatively short period of time. And
| think that's a kind of an inportant caveat on that
to it.

Those sorts of rates don't go on forever.
You know, it's kind of flies in the face of intuition
about this one data point there. And | don't
understand why it's up there.

You know, it's far nore satisfying to ne

that the excursion rates in the de-aerated sol ution
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came out at the end of the day to be | ess t han of what
they were in the aerated. s that where you were
headed, Peter?

CHAI RVAN FORD:  No.

DR. CULLEN. Cxay.

CHAI RVAN FORD: | was going to say, is
di ffusion controll ed four inches per year, | thought.

DR. CULLEN. You woul d certainly think so,
yes. kay. Sonebody el se asked whet her we were doi ng
tests as a function of solution concentration, and we
di d hal f-saturat ed sol uti ons and f ound t hese corrosi on
rates down here.

It turns out, inaplot that | don't have,
the corrosion rate is essentially linearly dependent
on sol ution concentration for a given, you know, |ike
aerated solutions at a specific test tenperature.

So, corrosion rates is pretty much a
I i near function of boric acid concentration here.

CHAl RMVAN FORD: Tell us why you didn't
turn the cylinder.

DR. CULLEN: Did not do that test, as near
as we can determ ne

CHAI RVAN FORD: Just to see if it made a
di fference?

DR,  CULLEN: No. Again, trying to

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

245

elimnate diffusionis --

CHAIl RMVAN FORD:  No but --

DR. CULLEN. | hear you.

CHAI RVAN FORD: -- when you conpare, then
you' ve got sone sort of measure there. But if you
j ust do one test, there's no conpari son whet her or not
di ffusion makes a difference.

DR CULLEN: Well, we did lots of tests on
a different axis of variables. W just didn't do any
tests at that --

CHAI RMVAN FORD: All at the same speed,
t hough.

DR CULLEN: Yes, that's true. We didn't
do multiple tests with stirring rates or --

MEMBER ROSEN:  And i f Dana Power s was here
he woul d say the tests aren't worth anything unless
you did themtw ce at |east, each one.

DR CULLEN: Unless we did themtw ce, at
| east ?

MEMBER ROSEN: Yes, you' d have to be able
to replicate.

DR. CULLEN:. Yes. |I'mnot sure about the
degree of replication within this program There was
some of it. I'mjust not sure exactly where it was.

CHAI RVAN FORD: And this is all magically
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97.57?

DR. CULLEN: Just sub-boiling. Yes, that
is correct.

CHAI RMAN FORD: This is boiling of the
solution, or boiling of water?

DR, CULLEN: Well, boiling of water,
obvi ously, at 100 degrees centigrade.

MEMBER WALLIS: Water boils at a |ower
t emper at ure.

DR. CULLEN: Yes. 1In Chicago you have to
account for the altitude difference.

CHAI RVAN FORD: And this is sinply because
that's the boiling point of the water.

MEMBER WALLIS: And the inpurity in the
wat er .

DR.  CULLEN: That's probably nore
i mportant.

MEMBER WALLI S: VWhat was the likely
tenperature on the head?

DR CULLEN: Well, again, from our
i ndustry partners, they have conputed, and I kind of
believe it, that it was very close to 100 degrees
centi grade.

MEMBER WALLIS: Ch, okay.

DR, CULLEN: So, this test tenperature
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shoul d be very cl ose.

MEMBER WALLI S:  Because there was so nuch
excess water?

DR CULLEN: That is correct.

PARTI Cl PANT:  Well, | nean, it turns out

that you don't get the high corrosion rate until you

get --

DR. CULLEN. That's also true, yes.

MEMBER WALLI' S: But he hasn't tested that
yet.

CHAI RVAN FORD: Vell, that's what |I'm
| ooking for, is corrosion rates as a function of

t enperat ure.

PARTI Cl PANT: It's certainly not erroneous
in the equation.

DR, CULLEN: | didn't bring along that
specific type of plot. But, we do have sone corrosion
rates at higher tenperatures. W just didn't plot
themall together like you've suggested right here.

Ckay. This is -- |1 nmentioned this
earlier, that corrosion rates, as a function of
concentration, showa virtually |inear dependence for
a given set of conditions in this case, again 100
degrees centi grade.

And a question was raised this norning
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about the corrosionrate in, quote, normal PWR cool ant
envi ronnent . | didn't have a chance over the noon
hour to I ook this up.

But this corrosionrate -- ny recollection
is 0.7 mls per year, or sonething of the order of 30
m crons per year, if that's -- you're thinking -- in
nor mal PWR cool ant.

So, part of the answer to your question of
what woul d happen if you just had an exposed portion
of clad, how rapidly would the low alloy steel
corrode?

Wll, this is a part of your answer. It
turns out that the industry provides to the NRC
occasionally a calculation along this line. And the
cal cul ation actual |y consi sts of a ki nd of an amal gam
if you will, of three different corrosion rates
characterizing this sort of corrosionrate for nornal
PWR operation, at power.

But you have to allow for the fact that
during a small fraction of the year, presumably, the
pl ant woul d be an outage status. Perhaps the |id
woul d be off, the head would be off, and the water
woul d be aer at ed.

And there's a nuch higher corrosion rate

that is associated with that. More of the order of
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twenty --

VI CE CHAI RVAN SI EBER: And the boron is
way up.

DR. CULLEN: And the boron is way up too.
Then there's a third corrosion rate that's kind of
what's cal | ed a noderate corrosi on rate of about seven
or eight mls a year.

It is alsousedtorefute tens of hours in
this equationthat isintendedto berepresentative of
the total corrosionrate that m ght be expected on the
finding of a holiday in the clad.

We get this sort of thing when a |icensee
finds a holiday in the clad and, you know, the NRC or
the regul ation side typically says well what's going
to be the corrosion rate of that exposed |ow all oy
st eel .

And the plant would then go to their
books, find out what their typical uptime is, their
typi cal outage tine, put all that into the formula,
and they' Il report back well, we expect a corrosion
rate of 1.8 mls per year for the next 20 years or
somet hi ng.

VI CE CHAI RMAN SI EBER: That's a good
nunber too.

DR. CULLEN. And, you know.
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PARTI Cl PANT: Does this take into

consi deration an agi ng anal ysis under re-licensing?

DR. CULLEN. Probably not for ne to say,
but I would tend to think it could be.

PARTI Cl PANT: Dr. Shack is shaking his
head yes, | think. Is that true, that under the aging
anal ysis that --

MEMBER SHACK: Vell, it's very -- you
know, nost plants don't operate with gaps in their
watts bar -- has got the biggest ones | think

DR. CULLEN. Well, we've got one just as
of a couple three weeks ago.

PARTI Cl PANT: Are they detectibl e by sone
of these ultrasound met hods?

VI CE CHAI RMAN SI EBER:  You visually see

PARTI Cl PANT: But these are inside the
vessel, aren't they?

DR. CULLEN. As an exanple, we had --

VI CE CHAI RVAN SI EBER: You enpty the
vessel every once in a while and | ook down there.

DR. CULLEN. W had a --

PARTI Cl PANT: How about m croscopic?

VI CE CHAI RVAN SI EBER: No these are --

well, theones |'mfanmliar with are one to two i nches
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in diameter. They're big.

PARTI Cl PANT: They're just -- the weldis
separated nore or |ess?

VI CE CHAI RVAN S| EBER: The clad is
m ssi ng.

PARTI CI PANT:  It's m ssing?

DR. CULLEN: W had a plant cone i n about
a nonth ago. And they had done a very nice, very
t horough bottom nmounted instrunentation inspection
fromthe inside.

VI CE CHAl RVAN S| EBER:  Yes.

DR CULLEN: You know, slipped their
probes over the BMs that were there. And, in the
process of doing this BM inspection on their 60 or 70
some odd tubes, they happened to notice a holiday
right on the | ower head.

It was about one and a hal f i nches | ong by
five eighths inch wide. So, you know, a couple of
post age stanps put together. And they brought that to
our attention.

They did exactly the kind of disposition
with that little fornula that | just nentioned, and
cane up with we expect to have 1.8 nmls per year
material |oss fromhere on out.

VI CE CHAI RVAN S| EBER: The ori gi nal
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di spositions of these, particularly they were found
pre-service, would be for the 40 year license life.
And, you know, the rates are so snmall conpared to the
t hi ckness of the vessel, that going from 40 to 60
years doesn't add hardly any. Wat, 20 mls?

DR. CULLEN: Seven or eight mls a year of
60 years is --

PARTI ClI PANT: Still, a fair anmount of
mat eri al s goes sonewhere.

DR. CULLEN: It goes sonewhere. But ,
again, these holidays are typically quite snall

MEMBER ROSEN:  What worries me about that
is that's been non-conductive solutions. |If somehow
t hat vessel of water beconmes conductive, now you' ve
got this huge cathode all of stainless steel, and a
tiny little anode.

And it could just start to bore a hole in
t he vessel

DR. CULLEN. Wwell, there nay be cathode
anode, but the gal vanic difference between those two,
even in areasonably -- boric acid, I man, PWR cool ant
i s not non-conducti ve.

| nmean, it's mldly conductive, | would
say. And, even if you were to contamnate it, you

know, for sone reasonabl e amount of tinme, you know - -
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what's reasonabl e?

Certainly the licensee is going to catch
this after a few hours, | would hope.

VI CE CHAI RVAN SI EBER  You woul d hope.

DR. CULLEN: Yes. And then they are going
to start sone sort of a clean-up operation.

MEMBER ROSEN: So, you're saying that it
won't last long if it happens. W know it happens.

DR CULLEN:  Yes, right.

MEMBER ROSEN: But we --

DR CULLEN: We've had intrusions.

MEMBER ROSEN: It won't last long if it
happens, and the el ectrochem cal difference between
stai nl ess steel and grade A533 --

DR CULLEN: \Whatever.

MEMBER ROCSEN:. Is not so | arge.

DR. CULLEN: Is not large. There is sone.
It's just not |[arge. And, again, that's very
dependant on exactly the solution that you' re tal king
about .

MEMBER ROSEN:  Thi nk about the area now.
The area difference is enornous.

DR. CULLEN: 1Is enornous, there's no doubt
about that. But distance is also inportant. | nean,

the clad that's in the upper head is probably not
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going to have a whole lot of galvanic affect on a
little holiday that's at the bottom

MEMBER ROSEN:  No.

DR. CULLEN. So, you may have acres and
acres of clad, but it's only that clad right near by
that's really going to be the cathode that you're
t al ki ng about .

VI CE CHAI RVAN SI EBER.  The ions have to
have to go through the sol ution.

DR CULLEN: That's right, which is
noderately conductive. You don't want to say zero,
but it's darn small. Okay. | think this is about the
| ast slide on conventional cool ant.

And, again, thisis just a-- this speaks

to Dr. Ransom s question, | think, fromalittle while

ago about -- no, I'm sorry, it was Dr. Rosen's
guesti on about whether solutions were -- | can't
remenber.

One of you guys over here asked whet her
sol uti ons were cl eaned, renoved -- whether the oxide
products were renoved fromthe test solution or not.
Here's the yes and no sorts of answers to that.

Here we have speci nens that were rinsed,
speci mens that were not rinsed. | should back up a

little bit. This is not exactly the answer to your
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guesti on.

That was on, | think tw slides ago.
There we go. | started to answer this question right
here about this data point down here. This is the
corrosion rate in a half-saturated sol ution.

So, conpare triangle here to triangle
here. But this is solution that had been used in a
previous test.

MEMBER WALLIS: So, it's been in for 300
hours or --

DR. CULLEN: O sone anpbunt of time. |'m
not sure what anmount of tinme. But, at any rate, this
solution was crapped up, to put it gently, wth
corrosion products, and was re-used in a brand new
corrosion test with that corrosion rate resulting
roughly about half of the corrosion rate that you
would realize in a brand new, perfectly clean
sol uti on.

MEMBER WALLIS: It's interesting, though,
that corrosion rate seens to be consistent with a
long term you know, which would say, okay it does
have sone affect on the declining rate.

DR. CULLEN: That's a good point. Agreed.
|"mnot sure that that's the answer to that. But, you

know, you've noticed the coincidence, if you wll,
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between the corrosion rates here and this corrosion
rate here.

Ckay. This is what happens in speci nmens
that are cleaned versus not cleaned. This does not
have anything to do with the flow rate question that
we' ve tal ki ng about .

But, this is sinply what happens in you
renove the | oose corrosion products fromthe outside
of one of these wei ght | oss speci nens, as conpared to
not renoving those products.

So, when you do renove t hose products, you
get a higher corrosion rate, because we are talking
about loss of volume as a function of tine. So, if
you renove t hose products, you get arelatively higher
corrosion rate.

But with the rinsing, PWR environnent
wi t hout rinsing, you get a bit |ower corrosion rate.
The same tests were done, not in a boric acid
solution, PWR sinmulated coolant, but in ultra-high
purity water, without rinsing and with rinsing.

So, without rinsing you actually had a
wei ght gai n, which appears to be a negative corrosion
rate. But, after you rinsed it, renoved a snall
amount of corrosion products that did form

You've got alittle bit of a weight |oss,
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whi ch shows up as a positive corrosion rate.

VI CE CHAI RVAN SIEBER: |'ve got to wite
t hat down, wei ght gain?

DR CULLEN: Wi ght gain.

PARTI Cl PANT: What is the UHP?

DR. CULLEN: U tra highpurity water. So,

DR. CULLEN: No boric acid. Think very
| ow conductivity, very high reactivity water. But it
was oxygenated. Is this oxygenated or aerated? |
think it's aerated.

VI CE CHAI RVAN SI EBER  Aer at ed.

DR. CULLEN: Aerated water, yes.
Oxygenated is a bit of a msnomer here. This was

aerated water here.

MEMBER ROSEN: The oxygen in wth
nitrogen?

DR.  CULLEN: My guess is that they
probably used -- either the water was just sinply

exposed to the air without alid on the container, or
MEMBER ROSEN: Bubbl ed through it.
DR. CULLEN. O bubbled through it. One
or the other.

MEMBER ROSEN: That's what | said, you
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spurged it in with the nitrogen.

DR. CULLEN. Well, I'mnot exactly sure
what they did with it.

MEMBER ROSEN: That's call ed aeration.

DR. CULLEN: Ckay. Let's talk alittle
bit. 1've got four slides in a row here about testing
t hat was done i n nolten boric acid solution, bothwth
and wi thout water additions.

Here we have a slide tal king about the
wei ght 1 oss in these particul ar speci nens. Thi s shows
the total weight. This is not zero down here, thisis
a three gram

So, these specinens started out as
sonething alittle bit over six granms in weight. The
as-received is this first colum here. W are talking
about A533B now, in a series of tests wthout any
wat er additions, except the purple or nmgenta bar
that's down here at the end.

So, let's go through this first, these
first four. This is A533B, nolten boric acid solution
after various tinmes, as received, after 24 hours, at
300 degrees centi grade.

That's the second bar, wvirtually no
change. 26 hours at 260 degrees you see little bit

| ower tenperature, still no change in weight. After
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24 hours at an even | ower tenperature, 150 degrees C.

So, the point isthat innolten boric acid
solution, regardless of the tenperature, there's
virtually no weight change, no corrosion rate.
However, if you add -- 1" mgoing to use the word snal
anount s.

W'll talk alittle bit nore about what |
mean by that. Small anounts of water dripped into
this boric acid solution, the anount of weight lossis
virtually a factor of two, or half of the weight
di sappeared fromroughly about six down to a little
bit over three.

So, in 45 hours, half of the sanple
di sappeared in nolten boric acid with just snal
anount of water added. The second replicate
experinment, sanme sort of thing.

But alloy 600, no nmatter what the
situation, wetted or not wetted, regardless of
temperature, no change in weight. So, the alloy 600
did not corrode in this particular nolten boric acid
sol uti on.

But the A533B corroded very seriously.
But only if you had small anobunts of water added.
Thi s i s what happens when you nelt boric acid. Sinple

experi nment . Think of just put boric acid into a
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beaker, put it on a hotplate, turn it up, neasure the
t emper at ur e.

This is not enpirical or | aboratory data.
This is all calculated from fornulas that are
available in literature. But, as the tenperature
i ncreases, you start out with boric acid, BOH, or
H,BO, however you want to say that, down here at the
bottom at about 169, 170 degrees centi grade.

So, right up in around here, this boric
acid, HBOQO, |oses sone water, and becones HBO, |If
you continue to raise the tenperature, at about 300
degrees centigrade, the HBO, | oses anot her water and
beconmes B,0,, which is a solid.

So the wat er keeps going off as a gas or
a vapor. And that's the way boric acid changes
chem cal fornms as the tenperature is increased.

PARTI Cl PANT: Wi ch is the popcorn?

DR. CULLEN: Which is the popcorn? That's
the stuff down in here, down in the |ower range.
Okay? | think. 1'mgoing to put I think on the end
of that.

What's been noticed on reactor heads is
guot e unquote popcorn. But, how |l ong has that been
there. 1'mkind of | ooking over to the industry guys

here now.
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VI CE CHAIRMAN SIEBER:  It's dry.

DR CULLEN: It's dry. |It's definitely
dry. I'mkind of going to -- this is ny story, |I'm
stickingtoit. | thinkit's probably the HBO, form
you know, when we see it as quote unquote popcorn.

MEMBER WALLI'S: If it were HBO, woul d nean
that it got hotter than you' ve been sayi ng, perhaps.

DR. CULLEN: Well, renmenber, this is 170
degrees centigrade. You know, typical head
temperature is 300 and changes. So --

MEMBER WALLI S: Wll, that's on the
i nsi de.

DR. CULLEN: That's on the inside. W
| earned this norning that's cool ant tenperature. So,
what you have up on the head, a lot of ventilation
under that --

MEMBER WALLIS: The first popcorn m ght
wel | be that tenperature. But, later on, whenit gets

wetter, you see a change.

DR. CULLEN: 1'mgoing to nention this,
exactly, in acouple of slides. 1'mgoingto stick ny
neck out and speculate, as if | haven't been doing

t hat enough al r eady.
PARTI Cl PANT: |Is that BOH, isn't that a

hydr oxi de?
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DR, CULLEN: Vell, witten this way |

guess it sort of -- | guess it |ooks Iike hydroxide.
But it's -- think H;BG,. That's boric acid.

PARTI Cl PANT:  Acid, right.

DR. CULLEN. Witten this way it | ooks a
little strange.

MEMBER ROSEN: No, that's a solid when you
put it on that hotplate in your experinment?

DR. CULLEN. That is correct. It's Epsom
salt. You go to the drugstore and buy Epsom salt.

MEMBER ROSEN. O Epsom crystal s?

DR CULLEN: You got it. That's the
experiment. Here's what actual | y happens when you dot
t hat experinent, when you do a wei ght | oss experi nent.
Again, just as you said, put boric acid in a beaker,
start turning up the heat, and watch what happens.

Thi s test was done by renovi ng t he beaker
at sel ected interval s and wei ghi ng what was | eft after
specific periods of time when the oxygen went off --
|"msorry, the water vapor went off.

So, what they didis put it on a hotpl ate,
keep neasuring the tenperature, and taking note of
when t he si gni fi cant wei ght changes occurred. So, you
start out with 100 granms of this stuff, whichis boric

acid -- the stuff you buy at a drug store if you like
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-- and heat this up to 280 degrees centigrade in
normal room air.

After just a couple of hours, the weight
has dropped down to 60 sonething grans. And, it's at
this particular tinme that all this stuff becanme the
HBO, phase, and continued to hold it wunder this
temperature for -- continued about a tinme of about
five hours or so.

The wei ght has dropped down to 56 or seven
or eight grans. And, it's at that point that you have
now changed entirely to the B,0 phase. But it's
inmportant to note that this test was done at that
t emper at ur e.

You woul d not necessarily get all these
phases at a | ower tenperature, for instance.

VI CE CHAI RMAN SI EBER:  Well, all you're
doing is just driving off the water.

DR. CULLEN: Just driving off the water.
That's all this experinment is.

MEMBER ROSEN: It turns to a glass-Iike
transparent boric oxide?

DR CULLEN: That is exactly correct.

MEMBER ROSEN:  And then, if you just |et
it cool of naturally, what happens to that boric

oxi de?
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DR CULLEN: If you just leave it in the

beaker, it's going to stay that way.

MEMBER ROSEN:  As boric oxide?

DR. CULLEN: As boric oxide, yes. But if
you pour water on top of it --

MEMBER ROSEN. No, |'mnot tal king about
pouring water onit. |'mjust saying, let it cool in
normal humd air, say like this room

DR, CULLEN: It just is going to stay
t here.

MEMBER ROSEN:. It stays as boric oxide.
It doesn't go back to boric acid?

DR. CULLEN: Now I think, 1'm not sure
about this, but over a long period of time, given the
hum dity that's in roomair, some of it is going to
start to revert.

MEMBER ROSEN:. It will hydrate, yes. On
t he surface.

DR. CULLEN: Yes. It' hydroscopic to sone
ext ent .

MEMBER ROSEN:  So, this happened on the
head of Davi s-Besse's vessel.

DR. CULLEN. Here we go, the point | was
going to try and get to.

MEMBER ROSEN:  You get boric oxide, which
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t hen, during refuelings they take the head of f and put
it soneplace in a humd environment. The boric oxide
maybe hydrates a little.

DR. CULLEN:. Careful now. Nowyou are --
but you are at nomnally at room tenperature.
Kinetics are pretty sl ow.

MEMBER ROSEN: It stays boric oxide,
transparent gl ass solid?

DR CULLEN:. Stays that way, maybe --

MEMBER ROSEN: So if anybody happens to
get a probeintheretolook at it, remenber it's hard
to see, sees sonething transparent, i.e. he doesn't
see anyt hi ng.

DR. CULLEN: Oh, | wouldn't say that. |
think my experience from a couple of decades of
| aboratory work with PWR environnments is that this
stuff kind of retains sort of a brown mlky color to
it.

Transparent is, by my experience, a bit of
a stretch.

MEMBER ROSEN: It's on your slide. |'m
just reading it.

DR CULLEN: Well, this is a controlled
experiment, and | had gl ass beakers -- well|l probably

not gl ass.
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MEMBER SHACK: Low i npurities, you know,

no corrosion products, no, you know, this is just a
cl ean experinent.

VI CE CHAI RVAN SI EBER:  Conpared to a PVR

DR. CULLEN. Just anecdotally, | rantests
in autoclaves in simulated PWR cool ant. And,
inevitably, you' ve got I eaks. And we would
occasional ly notice on the head of an autocl ave, that
we woul d have t hi s gl assy snoot h but slightly col ored,
in terns of brownish streaks init or slightly mlKky
appearance, to the boric acid that would melt up
t here.

And that may be t he addition of corrosion
products or sonething that canme fromthe lid of the
aut ocl ave. In a controlled experinment |ike this,
where you have cl ean environnent, yes, it's going to
be cl ear.

In the real world, probably not. || think
| know wher e you ni ght have been headed, is, you know,
could a visually inspection just totally mss this
because he'd be |ike looking through a plate glass
wi ndow.

| don't think so. Okay. One nore slide
on this. And this shows the corrosion rates that

woul d be expected from this particular sort of a
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conbi nati on.

Two t emper at ures - - now, t hese
tenperatures were achi eved by an experinment that is
ki nd of a conbi nati on of the beaker full of boric acid
t hat you saw earlier, and about ten slides back where
| showed that funnel and the rotating m xture.

This experinent was actually done wth
t hat funnel and the rotating stack of speci mens, okay?
But it was done with pure boric acid in the container.
And water was slowy dripped in the funnel at two
rates, one rate a little higher than the other

The hi gher driprateresultedinthe | ower
tenperature, 150 degrees centigrade. But these are
two not calculated drip rates. They just started a
drip rate.

This is the tenperature that the test went
to. They ran the test, nmeasured the corrosion rates.
So, with a specific drip rate, they gave you 150
degrees centigrade, andthe tenperatureinthis nolten
boric acid solution that has not been slightly
hydr at ed.

You had sone very high corrosion rates,
120, 130 mllimeters per year. And, for one speci nen,
somet hi ng approaching 150 m |, six inches per year,

getting close to it, five and a half or so.
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MEMBER WALLIS: Al the way through the

head in one year.

DR. CULLEN: For pure nolten boric acid,
slightly hydrated that would be the.

MEMBER WALLI'S: So we're going to i nspect
every five years or sonething?

VI CE CHAI RVAN SI EBER: Vell, you don't
have nolten boric.

MEMBER ROSEN: Well, we don't know quite
what we're going to get. Do we?

DR CULLEN: It's a point worth thinking
about. Again, this is an experinment. You' ve got to
make the connection that there's a possibility of
getting this nolten boric acid slightly hydrated in a
| ocal situation, and contained there 8,760 hours a
year for years, in order to get this sort of a
situation set up.

| f you can figure out the scenari o through
whi ch t hat woul d happen, then | would say it'stineto
start worrying about these sorts of corrosion rates.
But, first thing, | can't get there from here.

MR H SER Is the tenperature another
problenf? In order to get the tenperature you need
water to cool.

DR. CULLEN: You've got todrip-- But Al,
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we' ve got steamconi ng out fromthese sane | eaks. You
could to that. Conceivably you could do that. I
nean, there are scenari o0s.

There are drip rates out of -- the reason
| put these slides up here from -- this was an
incident that was presented to us by Sequoyah | ast
year. They came down, they were chasi ng anot her i ssue
after eight nonths of running.

They had done a head inspection, bare
net al visual of the head. No problens. They cane up,
they ran for eight nonths. They had to come down for
anot her issue.

They noticed after that eight nonths, in
just an inspection, that this reactor vessel |eve
i ndi cat or val ve had not been properly connected during
t hat precedi ng out age.

And it had bl own boric acid sol uti on down
onto the insulation. Andit was noted that some boric
acid products had snuck down through a gap in the
i nsul ation, |anded on the head, and caused a little
area of corrosion.

Now, nost of what you see here i s staining
fromthe products that accrued there. But, although
you can't see it, this kind of gray area, |I'mtrying

to run around the periphery of it here.
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That is, if | renmenber the nunbers right,
it's a grove in the head that was about five inches
| ong, about five eighths wide, and a quarter deep.
Those nunbers are from nenory.

But that captures the essence of it, a
smal|l grove. They used the termthunb-sized in the
report to us, okay? So, after eight nonths, they
found a thunb sized grove in a head that had been
previ ously okay.

They di dn't specul ate on howt hi s happened
mechani stical ly. At the time the incident was
presented to us, none of us could really understand it
ei t her.

But |1' mgoing to specul ate now -- believe
me, thisis just speculation, that maybe t hese Argonne
experiments m ght be showing us how this degree of
corrosion could have occurred in a matter of eight
nont hs.

W do know that this valve |eaked
conti nuously. And it was just basically a gentle
spray of water that was down on this particul ar are of
t he insul ation.

So, | kind of ask a rhetorical question
wi t hout giving you an answer. Could that have wetted

t he boric acid just enough so that boric acid that had
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snuck down in between through the gap in the
i nsul ati on was j ust wetted sonewhat simlar to what we
have in this Argonne experinent, and caused this
corrosi on.

| don't know. But, to me, it now becones
at | east plausi bl e that we coul d t hi nk about that kind
of nodel .

VI CE CHAI RVAN SI EBER.  That presupposes
t hat nost of the water | eaves at the point of the | eak
and boron goes down on the head with just a snall
fraction of that water.

DR CULLEN: And then the boron nelts.

VI CE CHAI RMAN SI EBER.  Ri ght.

DR. CULLEN: And is maybe wetted by, you
know - -

VI CE CHAIRMAN SIEBER: Is it hot enough
for it melt?

DR. CULLEN. Well, you know, it's head
tenperature underneath the insulation. So, we've
heard this norning that the exterior of the head is
probably not sonet hing.

But, you know, it's fairly well insul at ed.
Sequoyah had insulation that was rather firmy
attached to the lid, very small gap. | would tend to

think that the exterior of the head was pretty hot
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t emrper at ur e.

But, you know, boric acid on it, maybe
gently wetted by this spray that was emanating from
this |l eaky valve all thetinme. It's specul ation, but,
you know, it's sort of old water.

VI CE CHAI RVAN SI EBER: (Ckay -- water soto
speak.

DR. CULLEN. So to speak. kay.

CHAI RMAN FORD:  Excuse ne.

DR CULLEN: Yes.

CHAI RMVAN FORD: | wondered if you could
possi bly get through your whol e presentation in the
next quarter of an hour?

DR CULLEN: Yes, | think so. Because we
are al nost done with this boric acid stuff.

CHAl RVAN FORD:  Ckay.

DR. CULLEN: And | can ki nd of skip pretty
rapidly through the North Anna stuff. Okay. Al l
right. This is just, again, to answer another
guesti on.

D d we have corrosion rates as a function
of tenperature for certain situations? Yes, we do.
This is several boric acid solutions. These were
little capsules that were created, filled with boric

aci d sol uti on and exposed for various times at vari ous
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t enper at ures.

And, again, corrosion rates were conputed
fromthe wei ght [ oss. So, you know, here we have open
and cl osed synbols sinmulating either relatively high
pressure.

The solution was saturated at room
tenperature. O, anbient pressure saturated at the
specific test tenperature for the closed synbols,
whi ch, of course, don't extend much above 150-160
degrees centi grade.

This is the nolten boric acid solution
that we are | ooking at up here. Ckay.

CHAI RVAN FORD:  So, the way |' ml ooki ng at
that, isit'sjust telling me that the only way you're
going to get corrosionratesthat we'reinterestedin,
one to three inches per year, is if sonmehow you can
get the tenperature of the head down to about 150
degrees centi grade.

DR. CULLEN: In an aqueous solution of
boric acid that's true.

CHAI RVAN FORD: And t he ot her question --

DR. CULLEN: The other side of the coinis
that in nolten boric acid, if you can figure out how
to get that on top of the head, and hold it there for

a while, you will get those corrosion rates and even
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hi gher.

As long as it's slightly hydrated in a
conti nuous way.

MEMBER KRESS: O if you can get the
concentration up close to saturation

DR CULLEN: At a specific tenperature.
Well, you know, we know that it peaks out right at
about 100. You need the aeration there too. So,
there's this plausibility thing.

How woul d you get, say at 250 degrees
centigrade, a fully aerated saturated solution? |
don't see how. But, at 100 degrees centigrade, we can
get fully saturated and aerated. That gives us a very
hi gh corrosion rate.

MEMBER KRESS: Do they put oxygen in the
PWR water to control the hydrogen?

DR CULLEN: | hope not.

MEMBER KRESS: It's in BWRs.

DR. CULLEN: No, the other way around.
Put hydrogen in.

MEMBER KRESS: Put hydrogen in.

DR. CULLEN: The answer to your question
i S no.

MEMBER SHACK: Very few peopl e put oxygen
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MEMBER KRESS: No, you woul dn't.

MEMBER SHACK: That's not a good thing to
do and you only do it once.

PARTI Cl PANT: What do you know about the
volatility of boric acid? You know, how much of it
woul d flash off with the stean?

DR CULLEN: Personally, | don't. We
heard this norning fromd en that ten percent will go
off. That's sonething |I've never |ooked into.

MEMBER KRESS: They gave us a curve of
equi librium vapor pressures of boric acid as a
function of tenperature of the water. And we have the
curve and you can convert that.

DR CULLEN: Right.

MEMBER KRESS: If you nmke sone
assunpti ons of how much the steamis saturated as it
| eaves the water. | did that. And that's how I
arrived at the fact that at | ow pressure atnosphere
boiling you drive the boric acid off.

PARTI Cl PANT: So it nust be, say, 2PSI at

MEMBER KRESS: |'ve forgotten.
PARTI Cl PANT: At 100 degrees centi grade or
So.

MEMBER KRESS: Yes, |'ve forgotten what
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t hat nunber is. W have a curve of it that was
provided to us. | didn't bring it with me.

PARTI CI PANT:  You hear about the popcorn
on the head. And that nust be boric acid that renains
after you flash off the steam you know, from an
i mpi ngenent there.

So, it doesn't continue to apparently,
what do you call it when it sublime away into the
at nosphere.

DR. CULLEN. Well, --

PARTI Cl PANT: | mean, normally, like ice
or anything else will sublime, you know. Even though
it's a solid, it will gradually vaporize and | eave.

DR. CULLEN: Vell, remenber now, this
boric acid is going to change forns as long as the
tenperature remai ns high. And the vaporization rate
of B(OH;) could be a whole lot different from B,0.

PARTI Cl PANT: But you're saying |like the
boric oxide is a stable solid.

DR. CULLEN. M guess is that has a very,
very | ow vapor pressure.

VI CE CHAI RMAN SI EBER:  But you're al ways
adding to it.

DR. CULLEN. Well, when you are or aren't,

| think it's going to be -- if you get a B,O, up there
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it's going to hang around for a long tinme and never
change. Just a guess.

PARTI CI PANT: On one hand, if you don't
get that kind of situation, and any tine you get a
little water on it it rehydrates and becomes very
corrosive.

DR. CULLEN: It could be corrosive for a
short period of time, yes.

MEMBER ROSEN: I f you had that one there
and you wanted to get it off, you' d probably have to
try and scrape it off w th something.

DR CULLEN: Certainly anecdotal |y we have
heard about that happening a few tines.

MEMBER ROSEN:  So | know.

PARTI Cl PANT: We actually seen a vi deo of

MEMBER ROSEN:  Yes. | nean, it wouldn't
come off easily because it would be like a rock-1ike
solid, a lava-like solid even.

DR. CULLEN. \Where have you heard those

wor ds bef or e.

MEMBER ROSEN: Wl |, |I'mjust grasping for
t he words.

DR. CULLEN: | bet. GCkay. In the process
of going through those slides, |I have gone through
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t hese conclusions a fewtinmes, at any rate, just very
briefly summari zi ng.

The corrosion rates are significant only
fromlow alloy steel. You saw sone data that the
all oy 600 and 308 stainlesses were quite corrosion
resi stant.

It's insignificant as long as the boric
acidis totally dry, or if it nelts and does not get
hydr at ed. But, you have significant corrosion in
vari ous aqueous sol utions.

You al so have significant corrosion in
nolten boric acid. W said all those things in a few
di fferent ways.

MEMBER ROSEN: So, can we put this on a
table sort of explicitly?

DR CULLEN: Yes.

MEMBER ROSEN.  What happened at Davi s-
Besse -- and |'mgoing to postulate a scenario, and
you can tell nme if it's wong based on this research
-- is we got a |eak deposited liquid on the surface
whi ch - -

DR. CULLEN: Deposit of boric acid which
nelted in the formof --

MEMBER ROSEN: -- which vapori zed.

DR. CULLEN. Ckay.
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MEMBER ROSEN: Leavi ng behind sone boric

acid, maybe not all of it. Sone of it went away, but
sone of it stayed.

DR CULLEN: Yes.

MEMBER  ROSEN: That boric acid
concentration continued to increase until it
solidified as boric oxide.

DR. CULLEN. Yes, perhaps.

MEMBER ROSEN:  And then, naybe when the
pl ant was cool ed off a couple tines a year, a couple
years, and the head was put over on the side, that
boric oxide mght have hydrated a little during
refuel i ng outage.

But, basically, you had boric oxide, this

hard, lava-like substance was probably boric oxide

back then.

DR. CULLEN: Vell, it's a theory. I
woul dn't even say maybe to answer that. | certainly
woul dn't say yes, | agree. |'mreluctant to even say
maybe.

We don't know what the tenperature was up
under neat h that insul ati on. Remenber Davi s- Besse had
the reflective insulation that was supported. Now,
the center of the head was only a couple of inches

fromthe top of the head.
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But, there's like a gal e bl owi ng t hrough
there all the time. And could the boric acid have
gotten to it? Could deposits of boric acid have
gotten to these kinds of nelting point tenperatures?

| don't know, kind of tough. We did talk
specifically about this alittle |less than a week ago
with sone of colleagues. And whether or not around
Davi s- Besse you coul d have accunul ated a little boric
acid right near the nozzle that nelted, kind of ate
its way down into the annul us.

I'"'m trying to come up with ways of
expandi ng t hat annul us, you know, theories of howt hat
annul us m ght have expanded. And that woul d be one.

MEMBER ROSEN: There's not a gal e bl owi ng
down in that annul us?

DR CULLEN: Not into the annulus, no.
But there's a gale blowi ng across the top.

MEMBER ROSEN: Across the top maybe.

DR CULLEN: Under the support skirts.

MEMBER ROSEN: 99 percent of the tine,
unl ess the fan tri pped. Unless we were wong and t hey
m ght have | ost power.

DR. CULLEN: You've got anple cooling up
there a |ot.

MEMBER ROSEN:. But you don't -- what |I'm
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going to try to say is that maybe you don't have 100
percent of that tine, you don't have that gale
bl owi ng.

Maybe you have some qui escent periods for
some reason

DR CULLEN:  Per haps.

MEMBER ROSEN: | nmean, you have al the
i ngredi ents. You just don't have a particular
scenari o.

DR. CULLEN: Maybe. Ckay, |'d like to
talk a little bit and very quickly now about a
col | aborati ve programbet ween t he NRCand t he i ndustry
to exam ne some of the nozzles from the discarded
North Anna two heads.

Very qui ckly, you've heard in a previous
i ndustry presentation to the ACRS that seven nozzl es
were renmoved in June of |ast year, shipped up to the
Paci fic Northwest |ab, where under an NRC contract we
had t hem decont an nat ed.

And then four industry NDE teans cane in
and have now conpl eted exans on four of these seven
nozzles. So, in the end of the day we successfully
decont am nated just four of them

It got to be along-running and ki nd of an

expensive procedure after a while. And now,
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destructive exans wll follow on at |east two,
probably three, of these four.

The NDE examwas in the | aboratory. So,
it was under a situation where there was nore tine
avai l abl e. There was nore ready access to the nozzl es
t hen when they were typically on a head.

This is a view of nozzles that were
renoved. You can see a fairly significant section of
the low alloy steel fromthe head was renoved. This
is the upper or external part of the nozzle that you
can see here.

This is a different nozzle, nunber 31
here, nunber 59 here. This is the inside of the
surface that's normally wetted by the coolant. So
this would be all clad.

And this is the stub-end of the nozzle
that you're | ooking at there. This is as they were --
or just after they were flanme cut out of the head.
They were shipped fromEnviroCare is the facility in
Ut ah where the head had been brought.

We devel oped a decontam nati on procedure
with a lot of assistance from the NRP people,
decontam nated them and used various procedures to
renmove as much of the contam nation as was readily

possible wthout any attack or any chance of
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contam nating the cracks that were in there.

The whol e obj ective -- there are two nmaj or
objectives of this decontam nation procedure, the
whol e process. One was to get these nozzles
decont am nat ed enough so the NDE teans could conme in
and spend sonme serious time |ooking at these things
wi t hout incurring the kind of dose that they would
normal Iy incur if these vessels were in the full head.

The second was t o preserve t he cracks t hat
are in these nozzles for subsequent destructive
exam nation on down the road, which is going to take
pl ace in 2004 and 2005 under a rather well designed
program at |eas in ny opinion.

So, we decont am nat ed t hese t hi ngs, noved
themto the NDE test stands where these i ndustry t eans
cane in. Just another viewof the surface, the wetted
surf ace.

This is clad or the underside of the
surface, if you wll. After the decontam nation,
after the cl eani ng procedure, show ng t hat, you know,
there's some oxide on here.

It's not bare, shiny netal. But, we were
able to renove all of the | oose contam nation that was
here, being transported out of the decontam nation

chanmber headed over towards the CRDM test stands.
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And this is just a view of one of the
technicians painting on, fixing, sone of the
contam nation that was on the exterior flame-cut
surfaces of these things.

This is where we're headed with these
nozzl es, nunber 54, one of the four that we cl eaned
up, was, about three weeks ago, shipped up to
West i nghouse Pittsburgh where they are going to do a
destructive exam nation onit, with conpletion |ater
on this year.

On the NRC funded side we are going to
take a second nozzle. It's going to be nunber 54. |
have assurance it's going to be nunber 54, which is
the -- I'm sorry, nunber 59 will be the one we're
going to | ook at.

It's the conpani on t o nunber 54, conpani on
in the sense that it has the sane inventory of flaw
indications on it, including sone ODcircunferential
fl aws on bot h nunber 54, which is at Westinghouse, and
nunber 59, the one that we're going to be | ooking at.

But, as inportant to ne, we are going to
do a very thorough NDE exam nation of at |east nozzle
nunber 59 and with a destructive exam of that same
nozzle to be conpl eted next year.

Qur focus in the NRC funded programis
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going to be on weld defects. Because, | ooking
forward, we have heard clearly this norningthat alloy
690 is not expected to show anything |ike the crack
gromh rates or initiation times of alloy 600.
Basically, ally 690 is assunmed to be
pretty i mune frompossibilities of crack initiation
and crack growh rates. If there's going to be a

problemin the repl acenent heads, in ny opinion, it's
going to be the welds, in the alloy 152 wel ds.

So, 1'mgoing to take advantage of havi ng
t hese nozzles to allow our Pacific Northwest to work
on the techniques, work on inproving the various
techniques that they have for |ooking at the
attachment wel d, thinking that as we go forward down
the line that's where we really aught to be focusing
our attention and where the industry, after a while,
shoul d be focusing their attention for the exam nation
of the replacenent head.

So, our focus is going to be on weld
defects. Also, please note that we're going to | ook
at a couple of Davis-Besse nozzles. Nunmber 46 had
sone anomal ous NDE i ndi cati ons.

W are going to try to further dispose

those. And nozzle nunber two had a corrosion cavity

much smal |l er than the corrosion cavity around nunber
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t hr ee.

But, we're also going to take a | ook at
that. Larry Matthews showed you an updat ed ver si on of
t he EDY versus ranking nodel this norning. Bear in
mnd that this one |I've just used it as a place
hol der.

But, the |last opportunity that | had to
get updated information was nore than a couple of
years ago. So, this part is a couple of years old.
Don't use it as sonething contenporary.

All of these plants have noved out,
however slightly down here for the | owest EDY pl ants,
and nore out here for the higher EDYs. And sone of
these data points have now been replaced by a
repl acenment head on those particular units.

The point I"mtrying to get tois that the
EDY fornula is based only tenperature at the present
time. There are no other factors in it |like stress,
like mcrostructure, |ike whatever.

MEMBER KRESS: What ar e you sunmmati ng over
t hen?

DR. CULLEN: The summationis to allowfor
di fferent operating peri ods at different tenperatures.

MEMBER  KRESS: I see, di fferent

t enper at ures, okay.
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DR. CULLEN: So the sunmmation is only

going to go over one to two or one to three, or maybe
one to four in a couple of case. But, it's a very
smal | summati on.

MEMBER ROSEN. There are sone pl ants t hat
| owered their --

DR, CULLEN:. Correct.

MEMBER ROSEN: -- head tenperature by
goi ng t hrough hi gher bypass flows after sone time of
oper ati on.

DR. CULLEN. And thenraisedit again, and
then lowered it again. So it does range up to about
afour. I'msure a four, it mght even be five in a
coupl e of cases.

But, that's what the summation's for.
Okay, the point of talking a little bit about the
susceptibility nodel is to point out that we' ve had
some i nci dences recently of head | eakage whi ch don't
seamto satisfy the susceptibility nodel

I n other words, a | ow EDI plant wi th head
| eakage. We had one recently in Japan. O her people
have wondered, well how does the South Texas | ower
head fit into this equation.

You all know about that one. W talked

about it earlier this norning, because the | ower head
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isat afairly lowtenperature. Well, | want to point
out that the susceptibility nodel, as it's now
constructed, is based only on tenperature.

Itens |like stress, like materials
properties are not inthe nodel. And, | can't say for
certain, but | definitely feel that some of these
ot her factors at the end of the day coul d we worked in
to the susceptibility nodel to give us an even nore
i nproved EDY cal cul ati on.

MEMBER ROSEN: But you're never going to
get everything. Like, you d have to include sonething
i ke weld defects, lack of fusion.

DR CULLEN: Well, that's -- | think
anot her strong point is that the susceptibility nodel
is based only base netal |eakage through the CRDM
t hrough the all oy 600.

W use the activation energy for all oy 600
in there, not the activation energy for welds. This
is asingle material thing. 1It's got nothing to do
with wel ds.

It turns out that, if the |eakage had
occurred in a particul ar plant through a weld, and - -
oh, shoot.

VI CE CHAI RVAN SI EBER: There you go. Are

you done. Your time is up
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DR. CULLEN. Now |I've got to go through

this whole cotton-picking thing. | f | eakage had
occurred through a wel d, then that woul d have shown up
on the susceptibility plot as a | eakage point.

But we don't know where that |eakage
occurred. | nmean, these defects are bored out and
repaired before we can really get a true disposition
on exactly what the crack path was.

MEMBER WALLI'S: I n npbst cases.

DR CULLEN: In nost cases.

VI CE CHAI RVAN S| EBER: Since you' ve
already established a rigorous schedule for
exam nation and a |lot of people are replacing the
head, is it really worth the effort totry to -- this
to take into account, these other things?

DR CULLEN: Yes.

VI CE CHAI RMAN SIEBER It is? Wy?

DR. CULLEN: For the new heads. | nean,
we' |l have different formulas, different activation
ener gi es.

VI CE CHAI RVAN SI EBER:  For t he new heads?

DR CULLEN: For the new heads. And --

VI CE CHAI RVAN SI EBER: The ones that
aren't supposed to crack.

DR. CULLEN. And maybe, to address Dr.
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Rosen's question or inplicit question, is maybe for
the new heads it will be based on welds, and not on
alloy 690. | nean that's specul ation.

VI CE CHAI RVAN SI EBER:  But, until you get
sone deterioration in the new heads, which will be
many years fromnow, probably, you won't have a basis
to decide what the algorithm is, and what the
i mportant factors are. Do you know what | mean?

DR. CULLEN: Yes, |I do know what you mnean.

VI CE CHAI RMAN S| EBER: Ckay. So, wonder
if alot of work in this area to provide you with --

MEMBER ROSEN. You're arguing that it's
t oo proactive?

VI CE CHAI RMAN SIEBER: Well, that's one
way to put it. But, inny prior life, | tried not to
spend noney that | didn't need to spend to solve the
probl em

But, it's very interesting, regardl ess of
what it costs.

DR, CULLEN: It is interesting. Al l
right. A strong --

PARTI Cl PANT: What is J bei ng sutmmed over
in that | ast equation?

DR CULLEN: Different periods of tine at

a specific head tenperature. W heard just a few
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m nutes ago that sone plants may have started out at
a head t enperat ure of 315 degrees centi grade and | at er
on went down the 307.

So, the tine period of 316 would be Nis
one.

PARTI ClI PANT: What ever periods of tine
they were at that tenperature over the life of the
head?

DR. CULLEN: No, but thelife -- over the

PARTI Cl PANT: Over the operating tine.

DR. CULLEN. Over however nany years.

PARTI Cl PANT: Ri ght.

DR. CULLEN. Just add themall up. So J
equal s one could have been the first five years. J
equal s two coul d have been the next ten years. You
have to allow for the fact that you could have
di fferent tenperatures.

And, since this thingis dependant only on
temperature, you have to sum up over the -- and,
literally, sonme |icensees have had a head tenperature
and then lowered it and raised it and so on.

Okay. Kind of the point | wanted to
stress nore than anything else was about stress.

Stress is not in this nodel right now And we all
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know fromdi fferent wel di ng procedures and so on t hat
stress can be very inportant in driving these cracks
al ong, this degradation al ong.

VI CE CHAI RVAN SI EBER: But every nozzle
has a different stress depending on where it is and
how it was install ed.

DR. CULLEN: Perhaps true. Gkay, should
| just stop.

CHAI RVAN FORD: | think so.

DR CULLEN: Yes.

CHAlI RVAN  FORD: Sorry, Bill. It's
fascinating stuff, but --

VI CE CHAI RVAN SI EBER:  He was j ust getting
war med up.

CHAI RMAN FORD: Coul d you --

DR. CULLEN: When | did this a couple
m nutes ago | just should have left it, right?

CHAI RVAN FORD: Ch, don't be rude, Bill.

DR. CULLEN: No. Let's see if we can get
Gery up and runni ng here.

CHAI RMVAN FORD: kay. Thank you very
much, Bill. W appreciate it.

VI CE CHAI RMAN SI EBER: Wl |, he's got us
al |l warned up.

DR, CULLEN: Gery, did you want the
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| abel er, or do you know want to sit down and tal k?

CHAI RVAN FORD: We are not planning on
having a break between now and the tinme we finish.

MR. WLDOABKI: Ckay. I'mgoing to talk
to you about two different topics today. One is a
little bit of work on a leak rate analysis that has
been done in several prograns. Tanny Santos, the
Barrier Integrity Program the alloy 600 cracking
program Wally, Norris, which is really the CRDM J
wel ds.

And the | arge break pi pi ng programof Rob
Trogoning, which is nore piping stuff. Al so some
residual stress work is going on in two of these
prograns, the CRDMcracki ng program as well as inthe
pi pi ng ar ea.

So, inthe leak rate stuff -- see, | knew
| was after Bill, sol've got the concl usions right up
here. He didn't get through all these slides, | know
that's going to happen.

So, anyway, concl usi ons, leak rate
eval uations work. We did sone work on | ooking at
PWSCC cracking. And it changes the crack norphol ogy
significantly, such that the | eakage woul d gi ve you a
| ot 1 onger crack with that tortuous fl owpath than the

t ype of crack norphol ogy t hat was used i n the ori gi nal
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LBB submttals for many of the plant piping cases.

So, having gone back to sonme of the
original submttals, we see that it's difficult to
satisfy | eak before break now. |'ve got nore words on
all of this stuff.

CHAl RVAN FORD: Yes, that's because the
l[iquid can't get out through this tortuous path?

MR. W LDOWSKI : Ri ght, so you have to have
a lot longer crack for the same amount of | eakage. In
the Barrier Integrity Programwe showthat for piping
there's a large range in crack sizes for a given | eak
rate, depending upon what the stress level is the
pl ant pi ping system the type of cracking mechani sm
that you have, whether it's a fatigue crack, a
corrosion fatigue crack, or a PWSCC crack.

Al so, the tech-spec limt |eakage, the
touching capability, we showed that that was not
sufficient to detect insipient failure of a partial
penetration nozzle, |like a CRDM nozzl e.

MEMBER ROSEN: You mean the one GPM
unidentified leak rate is -- you would need to be
consi derably | ower --

MR WLDOABKI : Right.

MEMBER ROSEN:. -- before you coul d pi ck up

a leak that would lead to insipient failure.
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MR. WLDOWSKI: Insipient failure. That's

right. And that's why we're doing the bare neta
vi sual inspection, because | eakage rate is so | owt hat
we can't really detect it by the systens used
typically for the tech-spec | eakage.

Also in the Barrier Integrity Programwe
made a suggesti on. This is a draft report. W
recommended t hat an acoustic em ssion used for plants
for | eakage detection for crack growth nonitoring.

It's a technol ogy that's been in the code
for ten years. It can be used for | eakage detecti on,
as well crack detection. W have so many different
types of crack orientations, of norphologies, and
| ocations with this head penetrations, that it seens
like a weibull technique that aught to be used a
little bit nore.

Intheresidual stress evaluationwork |'m
goi ng to show you sone of the ongoi ng and past CRDM J
wel d residual stress analysis that we have. But |
don't have enough tine to go through some of the
pi pi ng stuff. Mybe on another date.

MEMBER ROSEN: Coul d you expl ai n acoustic
em ssion? Isthat listening tothe sound made just by
the crack itself when it forns?

MR. WLDOABKI: Right, exactly.
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MEMBER ROSEN: Li ke seismc nonitoring.

CHAI RVAN  FORD: I thought it was a
whi stling.

PARTI Cl PANT: Is it for |leaks nore than
cracks.

MR. W LDOASKI: Leaks it works very well.
But it's also in there for crack detection, for
listening to the crack gromh rate.

CHAI RVAN  FORD: | didn't know that
acoustic em ssion worked for crack propagation

VI CE CHAI RVAN SI EBER: It design.

MEMBER WALLI S: This isn't a crackling
sound, though. It's sort of a little crack every so
-- every hour or every year.

MR, WLDOABKI: Yes, you'll get very |ow

si gnal s. I"'m not a real big expert in that area
But, the little bit of work that 1've done, for
i nst ance.

You know, | tend to hear a greater

anplitude of sound fromcracks in welds than I do in
base netals in some of the tests that |'ve done.

VI CE CHAI RVAN SI EBER: But they usually
use a conputer to analyze the --

MR, W LDOWEKI : There are all sorts of

conput er enhancenents.
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VI CE CHAI RVAN SI EBER: Then you have to

figure out where it is by having --

MEMBER ROSEN:  So, what does a crack sound
li ke?

VI CE CHAI RVAN SI EBER:  Par don?

MEMBER ROSEN:. What does a crack cracking
sound |ike?

VI CE CHAI RVAN SI EBER:  Bi ng.

PARTI Cl PANT: Have you ever been out on
the ice in the winter when it cracks? That's what it
sounds i ke.

VI CE CHAI RVAN SI EBER:  You'll have to ask
some conputer sone place. Because they are the ones
that listen to that.

CHAI RVAN FORD:  Ckay.

MR. W LDOWBKI : Al right. Resi dual
stresses, as we'll see, on CRDM nozzles, is affected
by many paraneters. The height of the J weld is an
i nportant paraneter.

The vyield strength of the tube is an
i nportant paraneter. Nozzle angle is inportant. Weld
sequencing, we're starting to see that's an inportant
aspect as well for a circunferential through-wall
crack.

The case solutions vary with all of these

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

298

same paraneters, but also can vary considerably
t hrough the thickness of the material. W' ve al so
made, recently, several suggestions for enhancenents
to an ASME code case for axial cracks and CRDM
nozzl es.

So, the leak rate evaluations. W have a
| eak rate code called SQU RT that has been recently
updated as part of the Large Break-LOCA program It
now handles single phase all Iliquid flows, single
phase steam fl ow, two phase flow

We included a nodel that accounts for the
effects of crack opening displacenment on the
roughness, the nunber of turns, as you can inagine, a
tighter crack.

You're going to have a lot nore turns with
a tight crack, but not as nuch roughness. You take
that sane crack and open it apart, everyone of those
little turns now becones a | arger roughness factor

So, we have sone nethodology that we
devel oped fromconputational fluid mechanics totry to
make sone inprovenents there. And that beconmes very
i mportant when you get into the very tight cracks.

W've done a lot nore conparisons wth
experinental results and leak rate codes. 1'Il show

you a little bit of that in a window or two, a franme
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or two.

Some of the applications, we |ooked at
reassessi ng | eak before break for pipes susceptible to
PWSCC. "1l show you a little bit of that. Leak
rates through CRDM nozzl es.

W' ve | ooked at assessnents of |eaks with
degraded different conponents for the Barrier
Integrity Program And also inplenented this code
into a new probabilistic code for piping fracture
eval uati ons.

This figure shows experinmental results
froma lot of older tests. And sone of these tests
here, the Collier test, were |IGSCC cracks and BWR
piping wth various levels of crack opening
di spl acenent .

And what you tend to see is that any | eaks
that are greater than about .32 GPM that the
variability is about a scatter of plus or mnus the
factor of two.

But, when you get to the tighter cracks,
then we're getting into scatters of plus ten, mnus
five. And we think that's probably com ng in because
of this COD dependence on the crack norphol ogy as one
of the paraneters comng in there.

In the assessnent of |eak before breaks
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were pipes susceptible to PWSCC, the initial LBB
submttals frequently used in air fatigue crack, that
is, you had a very | ow roughness.

You had no turns on the flow path, and the
flow path was considered to be exactly equal to the
pi pe thickness. That crack is going straight on
t hr ough.

Wth BWCC the crack norphologies were
measured from several cracks renoved from service.
And we see that when we did that the calcul ated
| eakage crack size increased by a factor of 1.8,
assumng the cracks are growing parallel to the
dentritic grains, as opposed to through the buttered
regi on.

If you were going through the buttered
region, the crack goes back and forth and back and
forth even nore torturous. And this nunber, in stead
of being 1.8, mght be nore like 2.6.

So that becones very hard then to satisfy
a |l eak before break with those much | onger cracks form
this torturous flow path. One thing | don't have in
ny hand outs is we just recently finished some JR
curve fracture toughness neasurenents in canal 82 and
182 wel ds.

The good news is the fracture toughness is
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very high. And, when we did this analysis, we used
the critical crack size that was in the original |eak
before break submttal.

So, it's probably worthwhile for us to
revisit that now that we have that data. At the
recent MRP neeting we had back in April the MRP said
that they're not planning to address | eak before break
at this tine. | see a hand up there in the
backgr ound.

MR. RILEY: This is JimRiley, NEl. That
| ast statenent isn't true. | nean, at the tine that
statement was nmade. So | don't nean to say that what
you heard wasn't true.

But MRP is evaluating what we're going to
do about | eak before break. | don't have any answers
to give you right now. But we are looking at it.

MR. WLDOABKI: Okay. Thanks.

MR RILEY: | didn't nean to say, you
know, you heard.

MR, WLDOWSKI : Ckay, for |eakage through
CRDM nozzl es, we did sone analysis there. W anal yzed
the worse case of an incipient failure of a CRDM
nozzle with a circunferential crack.

What ' s that worst case nean? That is that

there essentially was no pressure drop through the
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crack itself. The crack was opened so | arge already
that the only pressure drop you have is through the
annul ar region.

And when you do that then we see that the
pressure | oss that we got through the annul ar region
was quite significant. And we were only getting
| eakage rates of less the .2GPM so that the tech-spec
1GM | eakage detection limt wouldn't necessarily catch
a CRDM nozzle crack that was about really to fail.
O her leak rate applications are --

MEMBER ROSEN: Go back for a mnute,
didn't we hear this norning or earlier that the Davis-
Besse crack was estimated to be a .15 GPW?

MR W LDOABKI : Yes.

MEMBER ROSEN: So that's consistent with
this.

MR. WLDOASKI: But they didn't have any
circunferential -- oh, yes, | guess it's --

MEMBER ROSEN:  |'m saying --

MR. W LDOAMSKI : Well, they eroded the wal
on the way out.

MEMBER ROSEN:  But they didn't exceed the
t ech-spec?

MR. WLDOANSKI: That's right, that didn't

even exceed the tech-spec. That is correct. That
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part is consistent.
PARTI Cl PANT: What is the | ast sentence,

normal | eakage detection systens? The do not work or

MR. WLDOASKI:  Well, they wouldn't work
as an inspection tool for a CRDM nozzle crack in that
you woul dn't be able to prevent failure.

PARTI Cl PANT:  Well they're only designed

VI CE CHAI RVAN SI EBER: The leak is too
smal |

MR, WLDOAMSKI: Yes, the leak is just too
smal | for it.

PARTI Cl PANT: Ri ght.

MEMBER KRESS: You just need to put the
word will in front not, or would not.

PARTI Cl PANT:  They will work or will not?

MR. WLDOABKI: WIIl not.

PARTI Cl PANT: W1l not, okay.

MR. WLDOMSKI: All right, since |I've got
25 mnutes, what can is skip here? Barrier Integrity
Program this is sone calculations that we did for
circunferential cracks in pipes.

And what ['ve got in this plot here is

leak rate versus crack |ength. And if we just
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concentrate at 1 GPM |leak rate, then you se a whole
bunch of different curves here.

And the smaller crack sizes here
correspond to operating at a stress |evel of about 100
percent of the surface level A Stress limt of the
ASME code, as far as its normal operating conditions.

The | arge cracks here correspond to pi pi ng
systens that woul d be operating at 25 percent of |eve
A stress limts. So, you can see it's quite variable
in that you could have a crack fromtwo inches to 18
inches with a 1 GPM crack, in this particular sized
pi pe.

This is, you know, |ike a collate pipe or
a smaller -- pipe.

VEMBER ROSEN: That's very
counterintuitive, isn't it? You could have a crack
that's 18 inches long, and it | eaks the same as a one
i nch crack?

MR. WLDOABKI: It depends on the stress
| evel that you have here.

MEMBER ROSEN: Stress?

MR W LDOABKI :  Yes.

MEMBER ROSEN: It has to do with the
ti ghtness of the crack?

MR W LDOWBKI : Yes, how nuch the crack
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opens under |oad. Ckay. So, these cracks here that
are the one inch type of cracks or two inch to four
i nch type of cracks, they are operating at 100 percent
of the surface level A stress limts.

So, the crack is -- you know, there's a
fair amount of |oad to open the crack up. So the
openi ng areas, effectively about the same as a crack
that's under a lot less |oad, but is a | onger crack.

MEMBER ROSEN: That mekes sense.

MR, WLDOASKI: And then you have to take
account for all of the friction factor |osses through
the crack and everything. So, given that our results
show that there's a large range in crack sizes for a
given leak rate, and the tech-spec limt is not
sufficient for partial penetration nozzle |eak
detection, one of the recommendations was to try to
apply acoustic emssion in the future for plant
oper ati ons.

It's already in the ASME code for both
| eakage detection and for crack detection, and has
been denonstrated in a NRC program in the past in a
pl ant .

And, you know, personally I think it would
be ideal for cracking |ocations that are difficult to

i nspect, |ike upper and bottom heads, penetrations,
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pressurizer, heater sleeve nozzl es.

And it also covers a nyriad of other
things in that cast stainless steel, if we ever had a
cracki ng mechani smin cast stainless steel. You can't
use ul trasonics in cast stainless steel, but you m ght
be able to use acoustic em ssion to detect if anything
is happening in it.

MEMBER KRESS: You have to put those
acoustic pick up right on the track |ocation --

MR, WLDOWBKI: No, it's pretty good. You
can be pretty far away.

MEMBER KRESS: So you don't have to have
one for every nozzle?

VI CE CHAI RMAN SI EBER:  No.

VMR, W LDOWBKI : No. | think -- to the
guys that do nore about this, they thought that naybe
four transducers were needed for a head.

MEMBER KRESS: Ch, okay.

MR. WLDOABKI: For the whol e head.

MEMBER KRESS: So you just put themon the
head itself.

VMEMBER  ROSEN: What do you do,
triangul ate?

MR W LDOABKI :  Yes.

MEMBER ROSEN:  To find the crack? Because
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otherwise it doesn't help you to know -- hear ping.

MEMBER KRESS: Do you know what the sound
speed in the steel is?

MR, W LDOWSKI : They | ook at the signa
over a certain frequency range, for one thing. And
secondly, when they use a technique called a wave
gui de technique that they attach to the head, what
happens is cracks tend to give -- separate into two
di fferent types of signals.

You get the longitudinal wave as well as
the share wave coming off, which arrive at different
tinme periods. So, if you hear sonething at one tine
period and you hear sonething else again at exactly
the «critical tine period corresponding to the
difference in the wave velocities, it is your wave.

Yes, for the speed of sound in your guide
wave, then you can say that's a crack. That's not
random noi se.

VI CE CHAI RVAN SI EBER: Do you know where
it 1s?

MR. WLDOASKI: By triangulating then you
know. You just reach one of those sensors.

VI CE CHAI RVAN S| EBER: But the origina
application was for doing hydrostatic tests wthout

having to wait the tine.
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MR, W LDOABKI :  Yes.

VI CE CHAI RVAN Sl EBER: And you could
listen for leaks and so forth. And you could put
about 20 or 30 transducers on a reactor cool ant system
that woul d nonitor valves and things like that.

This is a nore sophisticated application
where you can't do this during normal operation. You
do it during a hydrostatic test or sonmething |ike that
where you can control to sone extent the transducers
and what you're picking up and how nuch noise thereis
in the systens.

MR WLDONBKI: Well, | think they've done
alot of work on it for tine period.

VI CE CHAI RVAN SI EBER: A lot of filtering,
alot of tine analysis, alot of tranquilization. And
with the speed of conmputers now, it's pretty accurate.

MR. WLDOASKI: You probably could to it
a heck of a lot better than ten years ago.

VI CE CHAI RVAN SI EBER:  Ch, yes.

MR WLDOMSKI: So | think it's sonething
that's worth revisiting again. | need to march on
guys.

MEMBER WALLIS: Does it nmake a difference
what ki nd of insulation you have on this thing during

transm ti ons.
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VI CE CHAI RVAN SI EBER  And you have to --

MR, W LDOWBKI : Because your wave guide is
going right into direct contact with the head itself.

VI CE CHAI RVAN S| EBER: Yes, you have to
surface prep where you put the pickup.

MR, WLDOWBKI: And it's pretty cheap to
put those wave guides and the transducers well ahead
of time. If you are buying a new head, it's probably
a really good investnent to nake at the tine.,

VI CE CHAI RVAN SI EBER: If you' re buying
new head you probably don't need it.

MR, W LDOWSKI : One woul d hope.

VI CE CHAI RVAN SI EBER:  Ckay.

MEMBER ROSEN: Wl |, you don't need QA for
anything that isn't going to fail

VI CE CHAl RVAN SI EBER:  That's true.

MEMBER ROSEN:  You j ust have to know ahead
of time which it is.

MR. WLDOANSKI: Ckay. |I'mshifting gears
on you to weld residual stresses, and cutting off the
di scussi on. W are going to go into -- | said I
didn't I have tine to tal k about pi ping.

| may not have time to talk about all the
CRDM nozzl e tracking work either. But, we had a phase

one program that ran from January of 2002 to January
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of 2003.

In that program we did weld sinulation
analysis for a center hole and steepest side-hill
nozzl e cases. W did calculations for a
circunferential through-wall cracks.

e devel oped a Vi sual - Fortran
probabilistic code that we benchmarked against Bill
Shack' s spreadsheet code. He will talk about his
stuff nore.

W did sone stuff for Davis-Besse.
Everybody seens to have done that. Qur ongoi ng
progranms started July of last year and goes on to
January 2006.

e are | ooki ng primarily at
circunferenti al cracking and CRDM nozzles for
probabilistictime to failure for | eakage. But we are
examning different types of weld residual stress
condi tions.

W' ve | ooked at the ASME code case for
axial cracks in CRDM tubes, sone nore Davis-Besse
wor k, that always gets in there. The overall nobdeling
strategy involved the foll ow ng types of steps.

W al ways nodel the whol e head and part of
the vessel in our nodel. So it's a very |large nodel.

Way down here soneplace this is the center hole
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exanpl e.

There's a little teeny J weld down there
in the element nodel. Each on of these el enents has
-- I'"'msorry, weld deeds that we use in our sinulation
-- has 13 to 20 elenents in it.

So, we have a very detail ed nodel conpared
to all of the other nodels that have been used. In
maki ng up the weld nodel we also put on cladding and
we sinul ate the heat treatnment for stress relieving of
t he cl addi ng.

W installed the tube in a reactor
pressure vessel head by shrinkage fit. W simulate
the welding of the J grove. W simulate the
hydrostatic testing that's invol ved.

Because the welding sinulation with this
many elenments is very time consunming to do what we
then do is we use a stress nappi ng techni que where we
create many neshes with different types of cracks
whether | put a circunferential crack right up here
above the triple point of the weld.

And | can create many finite elenent
nmeshes with different crack sizes and then just map
these stresses that we have fromthe weld simnulation
onto that solution.

So that allows us to transfer the full
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stress tenser, the strain tenser, the plastic strains
as well, displacenents, boundary conditions, to this
pi n-crack nesh

W then take that up to the service
pressure and tenperature. We unzip the crack and
solve for the case solutions, curvet those case
solutions for the probabilistic code.

MEMBER KRESS: |s that a sub-bullet under
the first bullet? Is that a boundary condition stress
you apply?

MR. W LDOASKI : Boundary condition -- |I'm
sorry, for what part?

MEMBER KRESS: | presune what you do is
have a stress applied to the periphery of the tube.

MR, WLDOAMSKI: Yes, there's gap el enents
that go in there that allow for the interference fit.

CHAI RVAN  FORD: So, from what | was
hearing earlier today, this weld stress analysis
presunably is for a very specific welding condition,
wel d, heat -- speed, etcetera, etcetera.

And the physical constraints. And the
finite el ement nodel that you' re using to cone up with
stress versus distance and three dinmensions was
cal i brated against data frompiping, is that correct?

MR, W LDOWSKI: Basically, true.
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CHAI RVAN FORD: And there has been little

or no recalibration of that residual stress profiles
agai nst prototypical large weld assenblies. The

assunptions in the nodular are --

VR, W LDOWBKI : There's been sone work
done on looking at, for instance, 1'Il <call them
gl obal displacenents renote from the weld, |ike how

much the tube ovalizes, you know, at the bottom

But you have to have those conditions
right. But that doesn't nean that what you have up in
the weld is necessarily right either. And |I'm going
to show you sone different weld sequencing results
that give you different weld residual stresses.

Because, you have to understand that if
sonebody just cone in and says, here |'ve got this J
wel d from Davi s-Besse pl ant. I'"'m going to go ahead
and do sone strain gauged drip panning, and |I'm goi ng
to say, wait, how did you nake the weld.

Wen you see these results you'll
understand that it's inportant to understand how the
weld is nade in order to say whether the experinmenta
results are reflected in the analysis correctly.

CHAI RVAN FORD: And you're confident --
sorry.

VI CE CHAI RVAN SI EBER: Do you know how t he
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wel ds were nade in every case?

MR, WLDOABKI: 1've got a coupl e exanpl es
that I'll show you. But --
VI CE CHAI RVAN S| EBER: | nmean, it would

seemto nme that that is inportant in order to do this.
And it's not clear to nme that you know how the weld
was built up in the first place for every weld that's
out there.

MR. WLDOABKI: Probably don't know that
for every single one. And that's part of the
probabilistic nature of this whol e exercise.

VI CE CHAI RVAN SI EBER. Go ahead.

CHAI RMAN FORD: But you feel happy enough
that you don't feel the need to do sone neasured
residual test profiles on a typical --

MR. W LDOWSKI :  You know, that's been done
so nmuch on sinpler geonetries than this geonetry, that
| don't think that it nodels thenselves to being
wr ong.

| think it's the variability of things
like the weld sequencing, the strengths of the
materials, those sorts of paraneters are comng in to
pl ay.

CHAI RVAN FORD:  Ckay.

MR W LDONSKI : The surface stresses, |
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will talk about that a little bit, tinme permtting.

CHAI RVAN FORD:  Ckay.

MR W LDOWSKI : So, here's a couple
exanples. | don't have a whole lot of tine, so | just
pi cked out a couple. Here's a center hole nozzle.

This i s what the equival ent plastic strain
| ooks like in the plot here for the | ow strength tube.
Here you see the cracks, so we've got a
circunferential crack in the tube com ng around, kind
of a spider web at the crack tip.

So, if you understand that, here's the J
weld for the center-hole nozzle. So you're | ooking
inside the tube. This is kind of a cutout, it's not
bul ging out, it's going in.

An interesting thing you see here, | ook at
that crack face. It's kind of sliding radially
inmard, isn't it? It's got alittle opening, but, you
know, it's not only opening node, it's sliding node.

MEMBER WALLI'S: Doesn't that weld affect
the tube? | nean, you' ve got a very fine nesh in the
weld nmaterial.

MR W LDOABKI :  Yes.

MEMBER WALLIS: It suddenly goes to a very
course --

MR WLDOWKI: Well, the course here --
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right at the crack tip it gets very fine. You just
don't see the crack.

MEMBER WALLI S: Isn't the tube itself
af fected by the wel d?

MR WLDOAMBKI: |'msorry?

MEMBER WALLI S: Isn't the tube materia
affected by the heating fromthe weld, so you' ve got

changes in the tube itself near the wel d?

MR W LDOWSKI : Yes, it's affected by
heati ng.

MEMBER WALLI'S:  You didn't nodel that?

MR WLDOANSKI: Well, in the actual nodel
-- renenber, | have two nodels -- the nesh where | do

the weld residual stress nodeling, actually it's a
finer mesh over here.

MEMBER WALLIS: It is finer there.

VR W LDOWEKI : Yes, it is finer here.
But when | created the nesh with a crack in it, then
| create the mesh and map the stresses onto this new
nodel that it's coarser here, but I'm really
interested in having finer elenents over here where
the stress intensity is cal cul at ed.

PARTI Cl PANT: Are these -- symetric, so
you' re nodeling all the way around?

MR. W LDOWBKI : Yes. When we create the
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center hole nodel, we do it a 2D It's actually
symmetric. W revolve that solution to 360 degrees or
180 degrees and then put in the crack.

And so this is a half crack that you see
her e. The interesting thing is when you go to the
hi gh strength tube, | ook at the difference you see in
the pattern that occurs there in the plastic strain

and the resulting stress field that you will have as

wel | .

Al so, notice that this crack here -- we
put our cracks in perpendicular to the tube. 1In this
case the crack was -- it wants to tilt also. Ckay.

So you' re going to have a | ot higher crack
driving force on the OD surface of the tube than on
the 1D surface of the tube. This is a calculation of
some val ues of maxi num K val ues that we had through
t he thickness, versus the average val ues.

The average values were used in our K
solutions that we then gave to Bill Shack, and that
Pete also uses in his nodel. This shows our results
the center hole sensitivity case.

The low yield strength material here is
the blues material. And the higher strength materia
is the green dianonds. And what you see is that the

di fference between the maxi rumand the average for the
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| ow strength material was only about 3 KSI square root
inch in the stress intensity.

But, for the high strength materials, it
was about 20 KSI square root inch difference in the
driving force, quite a significant difference. So
that neans that crack in the high strength materia
really is probably going to propagate nore around the
outside circunference and lag on the ID side of the
crack.

W did a nozzle sensitivity study that
we're just finishing up. W |ooked at grove angl es of
15, 22, 45 degrees. W |ooked at weld heights. 20
mllimeters was about the |owest or mninmm weld
hei ght that you would have and pass the ASME design
code.

Wereas, these other weld heights were
getting larger and |arder, obviously. W wanted to
see what happens with the hoop stresses on the ID
surface as well as | ooking at the |ongitudinal stress
just above that triple point there where you' re going
to forma circunferential crack

A lot of information here. But | think
the i nportant aspects are to see -- first of all, this
is the ID hoop stress that occurred here. Here we

have wel d angl es are 15 degrees on this side.
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Let me see if | can dot s left handed.
This pointer is alittle bit brighter. 15 degrees, 22
degrees, 45 degrees. And then the weld height is
changing with the col or code.

There does tend to be not a very large
significant affect. But, the larger the angle gave
slightly | ower hoop stresses if you have tinme to | ook
at it closer.

The 20 KSI stress level that was tal ked
about earlier, that's at a distance of about 2.6 to 2
inches fromthe root of the weld. So fromthe bottom
of the weld the two inches covers that distance.

If we ook at the axial stresses through
the thickness of the tube, two mllinmeters above the
wel d, here you can see the effect of angle and weld
hei ght agai n.

And the really inportant thing is that the
hei ght of the weld really controls the axial stresses
very strongly here. You see only the blue synbols,
the smaller weld height, are tinsel values above the
weld where you're going to get a circunferentia
crack.

CHAIRVAN FORD: It was nentioned earlier
on that -- and | forget who nentioned it -- the weld

height is a function of the nodel of the reactor as to
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when it was fabricator. |Is that true?

MR. WLDOASKI : That did change, | think.
You know, MRP has a lot of nice data on that and
| ooked at very nicely.

CHAI RVAN FORD: So, is there a correlation
bet ween axi al cracking -- circunferential cracking and
t he wel d hei ght or the nodel nunber or sonewhere al ong
t hose lines.

MR. W LDOWBKI : That would be nice
information to I ook at. | know there's a database. W
tal ked about it at the |ast MRP neeting, about trying
to get access to a database as to how many cracks, and
where the cracks are in the nozzles.

| don't have all that information to be
able to say that.

CHAI RVAN FORD: Because, Bill nentioned
the Ohio reactor which is cracking up to very few
degradation, yes? Did that correlate with --

MR. WLDOABKI : Personally, | haven't | ook
at that to see whether that nakes sense.

CHAI RVAN FORD:  Ckay.

MR H SER It's not clear where all it is
cracking at the nonment, whether it's in the weld or in
the --

MR. WLDOABKI: Ch, okay.
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VR, W LDOWBKI : One of the explanations

t hat happens -- I'mgoing to skip this slide. 1 don't
have enough tinme. Sidehill nozzles, okay? This one
we have to create the weld in a very three di mensi onal
manner .

So it's a lot nore conplicated geonetry.

Again, we have the whole head going down to part of

the vessel included in the nodel. So, it's an
extrenmely big nodel. This shows, | think we had it
bal anced up hill and down hill.

Wl d areas were equal, which was one of
the conditions that existed for some of the plants.
And this was the minimumwel d height. This was a very
steep angle, 53 degrees in this particular case, so
way out on the outer edge.

VI CE CHAI RVAN SI EBER But that's not
where the --

MR WLDOWSKI: Well, it's where you get
t he hi gher stresses and the higher K val ues.

VI CE CHAI RVAN SI EBER: Ri ght.

MR. WLDOAMSKI: Here are sone results. W
are going to do sone conparisons. But this,
unfortunately, the older, not the recent, MRP results.

Pete's got a lot of stuff that he just

i ssued recently. | haven't had a chance to show t hat
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or conpare it yet to our results. But | thought it
was interesting to | ook at one thing.

The blue line is kind of our results with
the low yield strength sidehill nozzle. And what's
happeni ng because of that node-1, nopde-2, node-3
sliding conbination is that the K value has al nost
stayed constant for a long tinme in that center region
once you add up all the contributions from those
different driving force conponents.

CHAI RVAN FORD: So, when you | ook at these
conpl ex shapes and you're saw confident about your
residual stress analysis, can you apply it to repair
wel ds?

MR WLDOMSKI: Ch, yes. It's been used
for repair welds many tines.

CHAI RVAN FORD: So why don't we, since
repair weld «cracking is so often potentially
correlated with whether it was repair welded or not,
and in fact North Anna.

There seened to be a correlation between
repai r wel di ng.

MR WLDOMSKI: Yes. In the piping work
we' ve been looking a lot nore at repair welds. e
haven't done anything in the J welds for repair

aspects.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

323
CHAI RVAN FORD: So, can we cone up wth

speci fications for repair welds as to how they shoul d
be done in terns of heat input, welding speed, and
things of this nature?

MR W LDOWSKI : There's a nunber of
suggestions | would nake for girth welds if you're
doing a girth weld. [|'"mnot sure about a CRDM nozzl e
yet .

CHAI RVAN FORD:  Ckay.

MR WLDOABKI: I'Il have to think about
t hat . But | know things that | wouldn't do for a
girth weld on repair welds.

CHAI RVAN FORD:  Ckay.

MR, WLDOAMSKI: This | wanted to show you
some conparison of some weld sequencing work that
we've done for the sidehill nozzle. How nuch tinme
have we got?

CHAI RMAN FORD: Coul d you possibly finish
by 22, for sure?

MR W LDOABKI :  Yes.

CHAI RVAN FORD: Because Bill, at least ten
m nut es.

VR, W LDOWSKI : Now, one thing | didn't
tell you is the sidehill nozzle work that | just

showed you, really what we did was we used a weld
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sequencing that was -- we tried to foll ow what we were
told by one welding engineer at an older PWR
manuf act urer.

And what they did was they would weld a 90
arcs on the side quadrants first. And then go to the
downhill side and do 90 arc segnent, and then on the
uphill side do the 90 degree arc segnent.

So, they would do these 90 degrees, 90
degrees, 90 degrees. And that's what we includi ng our
nodel , was that 90 degree wel d sequenci ng process.

PARTI Cl PANT: Are these manual |y wel ded?

MR, WLDOABKI: Yes. Now, recently we did
something to create the weld beads conpletely around
the circunference all at one tinme. | call it like a
flash wel d.

And this is simlar to what Dom nion
Engi neering efforts have done for EPRI and the MRP
program that is for a whole weld bead, or a series of
wel d bead you just assune that whole weld just occurs
all at one tine, instantaneously, with the appropriate
cool i ng.

MEMBER WALLI'S: How do you do that?

MR, W LDOWSKI :  What ?

MEMBER WALLI S:  How do you make that wel d?

MR W LDOWSKI : Physically you can't.
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Nunerically it's a lot nore efficient to do it that
way, of course.

VI CE CHAI RVAN SI EBER: use nolten boric
acid to --

MR, WLDOAMSKI: Now, the other way that I
think that sone of the newer head are probably going
to be nmade -- and |'ve seen sonmething like this -- is
t hey use a wel d sequencing that starts on the downhill
side, and then they nmake a series of short arcs.

They m ght alternate fromone side to the
next side until they finish on the uphill side of the
nozzle. So you can see the weld patterns are quite a
bit different.

Here you are making 90 degree segnents.
In this one you are going all the way around all at
one tine when you' re doing the nunerical sinulation.

And here you' ve got a series of steps that
you' re nmaking, you know, one side starting from the
downhil'l, finishing up on the uphill side.

So, here's the work that we just finished
| ooki ng at, axial stresses, making the weld beads al
at one tine, simlar to the Dom nion EPRI analysis
procedur e.

And what you see is this is after wel ding,

and at room tenperature, not at service conditions
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too. The maxi mum stress value is here. If you |ook

at your handout, that is the sane scale as the next

pi cture.

And you see that well, you got really high
stresses here on the uphill side. You' ve got sone
here on the downhill side. And, you know, they taper

of f in between.

When you do the 90 degree arc segnent type
of analysis instead, oh, you start to get higher
stresses at about 90 degrees away fromthe uphill and
t he downhi ||l side.

So you shifted the stress distribution
significantly between this wel ding procedure and that
wel di ng procedure.

MEMBER WALLIS: This is beautiful stuff.
Is it related in any way to anything in reality about
what's observed in a head?

MR WLDOMSKI:  Well, | think what you'd
like to do, again, is going back to Peter's question.
| f sonebody just gives ne a random J weld nozzle and
says I'mgoing to do strain gauges trepanni, and they
have no records about how the guy has nade the weld,
you can get all sorts of answers.

If you really want to see whether this

stuff is working right, you nmake the J welds exactly
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by one procedure or the next procedure to try to
verify it.

You just can't do it randonmy. Ckay. You
know, that's just pointing out sonme of the high stress
spots being different. Actually, thisis alittle bit
hi gher down here than over on this side too, on the
downhi | | .

It's kind of interesting that you're
seeing things shifting around.

MEMBER WALLIS: But is there any evi dence
of cracking that occurs because of these stress
di stribution and --

MR W LDOWSKI : I don't have enough
information to tell ne where all the cracks really are
| ocated. And that's in that database that Avery has,
that maybe we'll get sone tine.

PARTI Cl PANT: Qut of this analysis, do you
get sone result as far as the defornmation that results
in the tube?

MR W LDONBKI : Oh yes, sure. You can
| ook at the things that people have | ooked at. What's
the ovalization at the bottom here that has been
nmeasured many tines.

PARTI Cl PANT: Don' t they do sone

straightening, as a matter of fact, after the thingis
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finished?

MR. WLDOASKI: | have heard that that's
happened.

PARTI Cl PANT: Wi ch al so puts stresses.

MR WLDONSKI: Yes, which would also do
somet hi ng.

MEMBER SHACK: You didn't push these on.
D d you see what difference it nmade in the actual case
solutions, which is, you know, where the rubber neets
the road, really?

VMR W LDOWESKI : That's right. W'l be
doi ng that next.

MEMBER WALLI S: It's where the -- neets
t he wel d, not the road.

MR. WLDOABKI: Can | go back one? | want
to go back one, there. Wth this case here, which is
going to be our new heads, | think that's interesting.

And maybe a lot of the older heads are
like this too. | think what's going to happen is if
you did this weld sequencing type of analysis, you're
going to find higher stresses at the start point, and
hi gher stresses at that stop point then if you had
done the weld all at one tine.

So you're goi ng to get anot her

di stribution yet. Let's see if | can get through
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these. kay, this shows -- I'"'mgoing to skip these
coupl e things.

| don't have time. Axial cracks and CRDM
nozzles, we did sone stuff eighth the code case, nade
some suggestions to the section 11 conmttee. This is
nmy |last slide.

"1l just tell you where we're going a
l[ittle bit on this stuff. | have 10 mnutes, | can
drag it out. Two m nutes. Ckay. So, one of our
tasks here is fission and versal conputationa
procedures.

We'll working with Dave Parks at MT for
a tetrahedral type of elenent post-processor for
cal culating J. These neshes are so terribly
conmplicated to make the 3D neshes when we want to put
in many wel d beads or many el enents in the wel d beads.

And, if we want to put cracks at angle
through the thickness, because the cracks going to
grow in the node one direction. It's not going to
really grow wth al | t hese node- 2, node- 3
contri butions.

We have sone additional analysis we are
doi ng through-wall cracks and the -- we're going to
stat exam ning the effects of manufacturing stressing

on the tubes by procuring sonme tubes from France, as
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well as examning tubes from North Anna and Davis-
Besse.

Renmenber, our nodel, when we cal cul ate the
hoop stresses in the pipe system or in the CRDM
nozzle, we are assumng that tube is stress free when
we get it and we start our nodeling.

It's not. W have some results in the
l[iterature that says, hey, the hoop stresses were, in
at | east one case, 18 KSI fromjust the manufacturing
pr ocess.

we' || look at the effects of the
conpressive stresses from surface honing or other
surface grinding techniques. And we want to see how
these surface stresses change under the operating
condi tions.

We have sone work for, again, the steepest
sidehill nozzle. But now we're going to want to use
the high yield strength material and have the crack
angl ed t hrough the thickness.

For the center hole nozzle we are doing a
fundanental evaluation of what happens wth this
angl ed crack through the thickness if the crack really
wants to grow in only the node-1 direction.

Are we calculating K properly? W have

some intermedi ate nozzle angle analysis that will go
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on once we've finished the steepest sidehill and the
axi al crack work.

W have upgraded our probabi |l istic
conmputer to Visual C++ code. And we are doing sone
work in a taskforce, sonme coordination, you know,
comng to neetings like this.

But also an inportant thing is, we have
some agreenents wth the guys over at Dom nion
Engi neering to exchange our residual stress results
and try to find out when we are getting the sane
answers, and when we're not getting the sane answers.

And when we're not, why aren't we getting
t he same answers.

CHAI RVAN FORD: Now, what's the difference
bet ween the underlined and the non-underlined?

MR, W LDOWEKI : The non-underlined are
non-active. So that's not active, that's not active.

This is ongoing work in all the underlined activities.

You noticed that. I"'m really proud of
you.

CHAI RVAN FORD:  Wel |, thank you very much.

MR WLDOWSKI: | have an answer for that.

CHAI RMAN FORD: Any comments? Well, what
does all this feed into. This looks I|ike very

detail ed stuff.
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MR, W LDOABKI :  Yes.

CHAI RVAN FORD:  And then earlier we heard
some very general stuff today. And | want to know how
this fits into sone schene for naking deci sions.

MR. WLDOASKI: | can talk, but of course
Bill has got a probabilistic nodel that he's been
wor king on with Steve Long.

CHAI RVAN  FORD: That sounds like an
academ c, therefore very virtuous piece of work. How
does it fit into the decision nmaking processes of the
Agency?

VMEMBER WALLI S: VWll, the probabilistic
fracture mechanics nodel beconmes sonmething that is
used for the significance determ nation process, anong
ot her things.

MR. W LDOWSKI: The axial crack work that
| cited here, but didn't have tine to go into, that
went directly into maki ng sonme suggestions to the ASME
code case.

I"m trying to think of all the other
stuff, where it cones into checking. Part of our work
is the checks and the bal ances on sone of the things
that our friends in industry are doing.

You know, that's a big part of |ooking at

t hi s Dom ni on Engi neering nodeling. In their nodeling
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they have to do a | ot of cases. They do lots and lots
and | ost of cases.

And these guys are really busy cranking
out nunbers. But they sinplify their nodel a lot.
So, what we're doing is we're doing sonme fundanmenta
checks to nake sure that the sinplifications and their
nodel are appropri ate.

MEMBER WALLI S: Ckay, now you're a
contractor for NRC?

MR W LDOWBKI : Correct. And EPRI, |
heard this norning, is spending nmaybe ten tines as
much noney as the NRC. Are they doing ten tinmes as

much wor k?

Well, you ve done a trenmendous anount
here. 1Is industry at the sane |evel of conplexity?

MR, W LDOWBKI : In different ways, |'m
sure. | nean, they've done so nany cases. |'ve seen
alot of it. You know, I'd Iike to see nore of the

details. Pete's here, he's getting ready to talk.

MR Rl CCARDELLA: Thi s S Pet e
Ri ccardel | a. You know, | presented an overview
presentation this norning that has a | ot of underlying
details that are very simlar to this.

| just didn't have tine to get into them

But they are in that MRP 105 report.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

334
CHAIRMAN FORD: So this is the way | woul d

have answered your question if | was them It would
have been to say that essentially his work feeds into
Bill's work.

And Bill's work doubl e checks what Pete's
doing. They've done a simlar thing. So, just being
in the position of being an inforned regul ator.

That's the way | would have answered it.
| don't know if that would be the correct answer.

MR, WLDOAMSKI: And | think that was your
guestion originally that you asked, is what type of
probabilistic or checks on the probabilities are you
doi ng?

Vell, we're doing it at a determnistic
point at different steps in the nodeling. For
i nstance, | ooking at the weld residual stresses is one
of the termnistic steps that's very inportant in
order to get the Ksolutions right for know ng that he
probabilistic nodel works correctly.

CHAI RVAN FORD:  So, should we nove on to
the NRC s Pete Riccardella?

VMEMBER ROSEN: You know, if you did
anything else besides playing with conputers, you
m ght find some other interests in life.

MEMBER SHACK: What other interests could
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there possibly be? Let ne just go right to it since
everybody knows that |I'm Bill Shack from Argonne
Nat i onal Lab and we are talking about CRDM
probabilistic nodels.

Actually, let me go back. On, it's not
going to work too well wthout that, is it? kay,
there we go. Talking about a probabilistic fracture
mechanics nodel that's sonmewhat conplinentary to
Pete's.

And | should nention that we start from
the sanme place, that |1'm using the sane database on
| eakage and t hings that Pete used to devel op hi nodel .

We approach it in somewhat simlar ways.
W develop essentially a liable enpirical nodel to
describe initiation. W use an estimates of crack
driving force for crack grow h.

And we're both using the MRP 55
distributions for crack growh rates developed to
pr edi ct nozzle failure. W do sone things
differently.

| would claimthat the way Pete anal yzes
the field data, what he's obtaining is a wable
paraneter that describes the average pl ant behavi or.

" ve tried to devel op wei bul

distributions that it described the full range of
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behaviors that you could expect in the field or,
anot her way of putting it, the uncertainty you have if
you try to apply the results based on a population to
a single individual plant.

So, when | conpare with Pete's results, |
will be conmparing the average of ny results to his
results. And we'll find out that they' re reasonably
cl ose, so that ny averages | ook |like his predictions.

But | get a wide range of results that
acconplish what | believe is a true variation in
behavi or between plants. And, again, the cal cul ations
really started with the cal cul ati on of the probability
of the failure of a nozzle.

You then build up a head by |ooking at a
collection of these nozzles. And these nozzles are
different because you have center versus sidehill,
which give you different K distributions, as Gery
tal ked about.

You can also have sonmething like one to
seven heats in a head of material. And, again, sone
of those heats may be good materials, sonme of those
heats may be bad materi al s.

Agai n, not only just heat s, but
variability in the nozzle because sone nozzles wll

have repair wells and some will not. So, there's a
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fair amount of variability in there that has to really
be taken account, | think, in the variation of the
cal cul ation of failure.

But I've tried to do that. And, again,
we'll see how you can still make decisions out of
t hat .

MEMBER KRESS: Do you treat those as
random vari abl es?

VEMBER SHACK: | treat them as random
vari abl es. My heat information is based on the B&W
pl ants where | know how many heats there are in each
pl ant .

What | found there is that there's one to
seven heats in the plant. It's approximately | og-
normal distributed. So |I assunme that the nunber of
heats in any plant is picked from that | og-norma
di stribution.

The nunber of nozzles from any heat is
also log-normally distributed. | picked that nunber
fromthe distribution to generate ny popul ati ons of
pl ants.

To get nyself back to reality, of course,
| can't conpute just probabilities of failure since,
[uckily, we haven't had any failures. But what | can

do is just what Pete does.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

338

You know, we benchmark agai nst the nunber
of |eaks that we see, and the nunber of |arge cracks
that we see. And, hopefully the nodels do predict
realistic versions for those.

And, as | said, the distributions can be
interpreted as essentially the range of behavior we
m ght see in the whole fleet or, if you want to pick
one plant, the kind of uncertainty you m ght have in
maki ng a decision, if thisis the only infornmation you
have.

And 1'Il sort of talk about additional
information you mght bring to bear to reduce those
uncertainties.

VMEMBER KRESS: When your nodel sees a
| eak, is that just a through-wall crack?

MEMBER SHACK: M nus a 30 degree through
wal | crack, just like Pete's. And, again, the reason
that we do that is that there's a whole conplexity of
things that are going on. That is, when you generate
the crack, you have the possibility of multiple
initiations on that circunferential crack.

VWhat we've really sort of assuned is that
conpl ex process is difficult to nodel in detail, but
by the time you ve got the 30 degree through-wall

crack, the process really is driven by the growth of
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that | arge through-wall crack.

And that's sonmething we can conpute. And
we think by assum ng instantaneously junping to that,
we're making a conservative estimate of this rather
nore conplicated process that really gets you there in
the first place.

One of the other things I'd like bring
out, and again, Pete is taking no credit for it in
setting up his inspection program but there are
differences fromfabricator and suppliers that you can
see in the data.

And so, the data that's being used in ny
first cut, and in Pete's nodel, is in fact
conservative for the actual population of plants

that's really out there in the real world at this

poi nt .

And, again, we first start wth a
description of an initiation nodel. And, again, it's
described in ternms of the weibull statistics. | fit
the data to the -- essentially the field data.

And |'ve sort of already described this.
The stress intensity factors cone fromGary W1 kowsi's
sol uti ons. Again, we have solutions for center
nozzles, for sidehill nozzles.

We have them for high yield stresses and
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for lowyield stresses. And so, there's a variety of
K solutions that we have to consider. The crack
growth rate cones fromthe MRP 55.

These are Gery's solutions. Again, this
is a center nozzle. This is the lowyield, highyield
sidehill nozzle, lowyield high yield -- again, the K
values are domnated by these welding residua
stresses until the cracks get very large and the
pressure stress takes over.

So, it really is the welding residual
stress we have to work at. He's got a 